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ABSTRACT

This thesis describes the conversion of four computer programs on the Naval Post-
graduate School IBM 3033AP computer system and their implementation on the

NlicroVax 2000 CADiCAE workstation. The existing 2-D airfoil analysis programs

DUBLET and PANEL were extensively modified to improve the user interface. The 3-D

wing analysis program VORLAT also received an updated interface. The JETFLAP
source program no longer resided on the NPS mainframe and was reconstructed from

an original source tape and program listing. This program was then converted from

FORTRAN IV for the CDC 6000 series computers to FORTRAN 77 for use on the

IBM mainframe and the MicroVAX.2000. An interactive data input program,
JETFLAPIN. was devt~oped to simplify data input, provide error checking and cor-

rection and thereby enhance the utilization of the JETFLAP program. The programs
arc intended for use by students in basic and advanced courses in aerodynanics at the

Naval Postgraduate School, however they are also applicable to a course in
computaional aerodynamics.
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THESIS DISCLAIMER

The reader is cautioned that computer programs developed in this research may not
have been exercised for all cases of interest. While ever' effort has been made, within
the time available, to ensure that the programs are free of computational and logic er-
rors, they cannot be considered validated. Any application of these programs without
additional verification is at the risk of the user.
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11. INTRODUCTION

Cu:.,.nt aerodynamic analysis relies heavily upon numerical methods for estimating
the aerodynamic coefficients of airfoils and wings. This thesis was undertaken to provide
the students of the aeronautical engineering curriculum with a series of computer pro-
grams that would give them a better appreciation and understanding of several compu-
tational methods that have been applied to classical aerodynamic theory.

The Department of Aeronautics and Astronautics at the Naval Postgraduate School
(NPS), in conjunction with the Mechanical Engineering Department, is developing a
computer-aided design computer-aided engineering (CAD'CAE) laboratory for use in
research and teaching by their respective curriculums. The system is based on a network
of Digital Equipment Corporation (DEC) MicroVAX 2000 workstations. There is an
ongoing requirement to provide specialized software (programs) for the computer net-
work that is usable by the students and staff to support current and future courses and
research.

At the time of this writing. several aerodynamic analysis programs reside on the NPS
IBM 3033AP mainframe computer. They are in various states of repairl and due to
constant software and hardware upgrades of the mainframe system some programs
provide limited output capabilities2 while others are becoming unusable due to compiler
changes. There is also a wide range in the amount and quality of the documentation
available for each program. This thesis seeks to remedy a portion of this problem and
support the previously mentioned software needs requirement by providing a set of
baseline programs and thorough documentation which will extend the life of these val-
uable programs and allow further upgrades and eventually the incorporation of graphics

routines by future users.
The programs contained in this work were selected on the basis of their applicability

to the present courses taught in basic and advanced aerodynamics at NPS, the doc-
umentation available and previous user inputs. They were revised or modified with the

I Source code is not available for some programs, in particular FL027. Since certain output
flags for FL027 were set in the source code and the user was unable to alter these, an inordinate
amount of unwanted output was produced.

2 Several programs, notably FL027, JETFLP and those used in the Aircraft Combat
Survivability and Lethality courses have lost their graphical output due to software incompatibility
problems.
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intent that they be used for preliminary design and to evaluate the changes in aero-

dynamic coefficients due to changes in one or more of the input parameters. To this

end. the following factors were empasized in modifying or creating the programs to make

them easily understood and utilized:

" Error checking correction capability.

" Capability to make multiple runs in one session.

" Capability to change one or more parameters on subsequent runs.

" Utilize a standardized interface (to the extent possible).

" Allow user defined names for input, output files.

This document briefly describes the basic theory behind the 2-D airfoil and 3-D wing

analysis programs and the reprogramming required for transfer and conversion of the

selected programs from the IBM 3033AP and CDC 6000 series computers to the

MicroVAX;2000 CAD CAE workstation.

A users manual fot each program is contained in the appendices. These provide a

short discussion on the purpose of the program, input requirements and constraints.

program operation and the program output. A sample input session, input data file (if

required) and the resulting output as well as a complete program listing is also included.

Project results and recommendations for future work are given.

3



111. BASIC THEORY OF 2-D AIRFOIL ANALYSIS PROGRAMS

A. INTRODUCTION
The following sections are intended to present the reader with a basic understanding

of the ideal fluid flow concepts underlying the 2-D airfoil analysis programs. This brief

summary contains just a few highlights which would be obtained from a course in the
fundamentals of aerodynamics and in no way attempts to provide the reader with a firm

foundation in aerodynamics or fluid flows.

It will be assumed that the reader is familiar with the concepts of velocity potential,

q, stream function, 0. and their derivatives. It is further assumed that the reader has
some famnliarity with the concepts of the basic fluid flows: uniform stream, source, sink,

vortex and doublet. Figure I depicts these basic fluid flows and provides and example

of how two of these flows, a uniform stream and a doublet, may be combined to model
the flow over a cylinder. A thorough discussion of these flows and their properties may

be found in most aerodynamics texts. References 1, 2, 3 and 4 were instrumental in the
prcparation of the following sections.

I /0 Lu "Isr Uniform stream)

I/ "". "i N ,.n

' srenph rsource nlow

\ -nk

Sink flow Uaiwl flow Mubet Flow am a cylidur

Figure 1. Basic Fluid Flows
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B. PROGRAM DUBLET

The type of analysis used here is a direct method in which the shape of an ellipsoid
or airfoil-like body is specified and the problem is to solve for the distribution of
singularities which, in combination with a uniform stream, produce the flow over the
body.

This program provides a numerical method for approximating the solution of the
integral equation for the line doublet distribution for a symmetrical airfoil at zero lift in
incompressible irrotational flow. With the doublet strength known, the velocity field can
be determined using equations for the stream function and velocity potential. Once the
velocity field is known, the pressure field may be determined using the Bernoulli
equation.

For this problem the airfoil body shape is specified asy = Yrx). It is a closed form
which has a finite length or chord, c as shown in Figure 2.

0/3

Figure 2. An Airfoil-like Shape

Such a shape can be defined by an equation of the form:

Y(x) = AI (c - x))

This shape is to be modeled by a string of doublets along the x axis, and the strength
of each doublet to be determined. The solution is required to meet the flow tangency
condition and the doublets are required to be within the body.

Since thin-airfoil theory fails near the stagnation points and it is not physically
possible for the source distribution to extend to the ends of the body and still meet the

S



flow tangency condition, there must exist a finite distance between the ends of the source

distribution and the stagnation points.
This distance is determined by approximating the shape of a blunt-nosed airfoil near

its nose, x - 0. as parabolic. Using thin-airfoil theory and the radius of curvature
(Figure 3), the source strength near the leading edge of the source distribution can be
approximated. Applying this approximation and the requirement that the source-
induced velocity must cancel that of the onset flow at the stagnation point, it can be
shown [Ref. I pp.52.54], that the separation distance between the stagnation point and
the leading edge of the source distribution is approximately half the radius of curvature
of the nose of the body. A similar analysis holds for the other end of the body.

-

Figure 3. The Radius of Curvature of a Leading Edge

The program DUBLET incorporates the half radius of curvature inset and satisfies

the flow tangency requirements using an iterative approach. This is done by taking an

approximation to the proper inset, solving the set of simultaneous equations for the

doublet strength distribution which satisfies the flow tangency condition and then eval-

uating the resulting velocity at the stagnation points. If the velocity is not sufficiently

close to zero, the estimated values are revised and the process is repeated. The iterative

approach used is an interval-halving or bisection method of root-finding similar to that

described in Ref. 5.

A more complete development of the thin-airfoil theory and the underlying

equations used to deriv, this method are detailed by Moran [Ref. I.

6



C. PROGRAM PANEL
This analysis again uses the direct method to solve for the proper distribution of

singularities3 on a body which, in combination with a uniform stream, provide the flow

over the body.

This program uses a numerical approach to provide an approximation to the sol-
ution of the integral equation for the source and vortex distribution on the surface of a
lifting body in incompressible irrotational flow. It is specifically designed to evaluate

NACA four- digit airfoils and NACA five-digit airfoils of the 230XX series; however
provisions are made within the program for entry of any arbitrary airfoil shape.

The following presents some reasons for and a brief development of the panel
method. Although thin airfoil theory gives reasonably good results for lift and moment

cocfficients, it ignores the ef-lect on those coefficients of the thickness distribution. In
addition, thin airfoil theory gives good pressure distribution results only away from the
stagnation points. Since proper design of an airfoil requires an accurate prediction of

its pressure distribution, more powerful methods are based on the distributions of
sources and vortices or doublets. This is empasized by Moran when he states

"To avoid the inaccuracies of thin-airfoil theory, the flow-tangency condition must
be satisfied on the body surface and... the singularities should be distributed on the
body surface rather than on the chord line or any other line within or without the
body."

To achieve this placement of the singularities on the body, the body surface is ap-
proximated by a collection of straight line panels. This form of surface approximation

is where the panel method receives its name. Program PANEL uses a solution method
based on sources and vortices distributed on these surface panels.

The potential for this flow may be described as

= 0. + OS + 4 V (2)

where 0. is the potential of the uniform onset flow, which can be written in a Cartesian

system as

V = Vx cos a + V,V sin a (3)

3 'Singularities' is used here as a generic term for sources, vortices, doublets and other funda-
mental solutions of the Laplace equation that blow up--are "singular'--at some point outside the
flow field.

7



where V. is the velocity of the uniform flow. and . is the angle between the flow direc-
tion and the x axis. The remaining potential terms are defined as

Os-J -q-, In r ds (4)

-g r ods (5)

in which the integrations are over the body surface. This defines s , as the potential
of a source distribution of strength q(s) per unit length and 0,,, as the potential of a
vortex distribution of strength 7(s) per unit length. Figure 4 shows that s is the distance
measured along the surface from some arbitrary reference point--in this case the leading

edge has been chosen--to the "field point", (xj) , or (r, 0) in polar coordinates.

Yl

Figure 4. Nomenclature for the Analysis by the Panel Method

We seek a solution where q(s) and y(s) are determined so as to meet the boundary con-
dition of flow tangency and the Kutta condition. The latter is the requirement that the
stagnation point be at the trailing edge4 .

The view of this problem taken by Hess and Smith [Ref. 6] is that the source
strength governs the flow tangency condition and the Kutta condition governs the

4 All airfoils considered here are assumed to have sharp trailing edges.

$



vortex strengthS. They make the simplifying assumption that the vortex strength is
taken constant over the whole airfoil, i.e. Y(s) - y , and justify this by reasoning that,
since the Kutta conditien governs the vortex strength, and the Kutta condition involves
only the trailing edge, then the vortex strength can be represented by a single number.
Conversely, the source strength must vary over the surface to allow the flow tangency
condition to be satisfied at all points on the body surface.

The integrals of equations (4) and (5) are difficult to evaluate unless the surface on
which the singularities are distributed is a straight line. This is where the surface panels
come into play. The body is divided up into a set of panels by selecting a set of N points,
called nodes, which are then connected by straight lines. This results in an approxi-
mation of the body composed of N nodes and panels as shown in Figure 5.

Panel

5

Figure 5. Definition of Nodes and Panels

The sources and vortices are distributed on the straight line panels and the constant

vortex strength assumption is incorporated so that the potential given by equation (2),

as developed in equations (3) through (5), may be written as:

*- V4,xcosa + V..sina+ __ Inr- 0 ,s (6)

S In actuality, both singularity distributions are important in satisfying either condition.

9



To allow evaluation of the integrals in equation (6), the source strength is taken to
be constant on each panel, but allowed to vary from panel to panel, i.e.

q(s) = q, on panel i, i- 1 ,...,A (7)

The parameters to be determined are then the N source strengths q, and the single
vortex strength -j. These are found by imposing the flow tangency condition at N control

points and a corollary to the Kutta condition which states, -Near the trailing edge, the
flow speeds on the upper and lower surfaces of the airfoil are equal at equal distances
from the trailing edge."[Ref. 1)

Moran (Ref. 11 prc ides a clear explanation of the geometric development of the
problem and the resulting set of N + I equations in the unknowns q,, i I,...,N, and
y. This leads into a discassion regarding the development of a FORTRAN program that
uses the panel method. Program PANEL sets up and solves this set of equations. The
tangential velocity at the midpoint of each panel is then evaluated and its associated
pressure coefficient C, is calculated. By assuming the latter to be constant over each
panel, the estimated lift and moment may then be calculated.

10



IV. BASIC THEORY OF 3-D WING ANALYSIS PROGRAMS

A. INTRODUCTION
As discussed in the previous section on 2-D airfoil theory, there are several ways to

model the source of forces acting on a body surrounded by a moving fluid. These in-
cluded potential functions. vortex distributions, circulation distributions and pressure

differential distributions. These models are related to one another and each has advan-
tages and disadvantages. Both of the following programs, VORLAT and JETFLAP, rely
on a distribution of discrete horseshoe vortices to model the flow over a wing.

1. The Horseshoe Vortex

To provide the reader with an understanding of the theory behind the VORLAT

and JETFLAP programs, it is necessary to explain what a horseshoe vortex is and what
properties it has. References 1, 2, and 3 provided a basis for much of the material con-

tained in this section.

The idea of th. horseshoe vortex was developed by Prandtl and Lanchester
while trying to provide a simplified model of the ideal flow over a wing. Prandtl rea-

soned that a vortex filanment of strength r, bound to a fixed location in a flow--a bound

vortex--will experience a force L = p. J ' from the Kutta-Zhukovsky theorem. To
satisfv flelmholz' theorem which states that a vortex filament cannot end in a fluid, the
vortex filament continues as two frec vortices extending downstream from the wing tips
to infinity. The construction of this vortex is in the shape of a horseshoe and it is
therefore called a horseshoe vortcx. It is correctly pointed out however by Zucker that,
"...the word "horseshoe", although in common usage, is misleading since these filaments

are actually "closed" back at the place where the motion originated."[ Ref. 3J
As shown in Figure 6, the wing is replaced by a "lifting line" perpendicular to

the flight direction and located at the quarter-chord, with the two free vortices trailing

from the wing tips.

Ii
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bound wane.a

Finite win# Honedme vortex

Figure 6. Replacement of the Finite Wing with a Bound Vortex [Ref. 21

This model did not provide a very realistic simulation of the downwash distrib-
ution of a finite wing: especially near the tips where the predicted downwash approaches

an infinite value. The downivash distribution as a function of the span.), is shown

in Figure 7.

b

b

Figure 7. Downwash Distribution Along y Axis for a Horseshoe Vortex [Ref. 23

12



An improvement on this model was the 'lifting line" model which superimposed

a large number of horseshoe vortices, each with a different length of bound vortex, but
with all the bound vortices lying along a single line. This is depicted in Figure 8 which

has three horseshoe vortices of strengths, &r,, &r, and AF 3. The variation of r along
the lifting line is denoted by the vertical bars. Since L oc r, this is also an indication of
the lift distribution. It should be noted that the strength of each trailing vortex is equal
to the change in circulation along the lifting line at the point where the trailing vortex

starts.

I D dr"

2 A

Figure 8. Superposition of Three Horseshoe Vortices Along a Lifting Line IRef. 21

This model is good for high aspect ratio straight wings and provides an excellent

prediction of spanwise loading and overall lift. It cannot however, produce chordwise

pressure distributions and moment data.

To deal with low aspect ratio straight wings, the model is extended by placing

a series of lifting lines on the plane of the wing at different chordwise stations, all parallel

to they axis. In the limit of an infinite number of these lifting lines, we obtain a vortex

sheet, where the vortex lines run parallel to they axis. The strength of the sheet per unit

area is denoted by y, where the latter varies in they direction in a manner analogous to

the variation of r for the single lifting line. In addition, each lifting line will have, in

13



general, a different overall strength. so that , also varies with x. This relation,

y = '(x,') is shown in Figure 9.

6i I - '

- ! --.- - - .

-

_r Wdke

Figure 9. Schematic of a Lifting Surface (Ref. 21

This vortex sheet results in a lifting surface distributed over the entire planform
of the %ing. The strength of the lifting surface at any point on the surface is given by

y - '(xy). The aim of the lifting surface theory is to find (xy) such that the flow-
tangency condition is satisfied at all points on the wing.

For computational purposes the planform is divided into a finite number of

square or rectangular panels and the ith panel chosen for initial computation. The

spanwise vorticity on each panel is assumed to be concentrated at the quarter-chord

point of the panel and the flow tangency condition is satisfied at the "control point'

which is located at the three-quarter chord point of the panel [Ref. 11. The wing problem
then reduces to computation of the velocity at the control point on this Uth panel due
to all the other panels. This velocity is combined with the freestream value and the
tangency condition applied. For each panel, there is therefore, one linear equation and
with N panels there are N such equations. Matrix methods are applied to solve this
system and with the vorticity distribution known, the Kutta-Zhukovsky theorem is ap-
plied to obtain the lift and moments. The induced drag can be computed from the
downwash, which is known at the control points. The vortex-lattice method used by
program VORLAT is a simple approach used to solve for , - y(xOy).

14



B. PROGRAM VORLAT

Program VORLAT implements the vortex-lattice method to determine the solution

for the vortex strength distribution on a flat, untwisted, rectangular wing. A set of

horseshoe vortices are used to approximate the flow over a wing of low aspect ratio.

This is a version of the VORLAT program by Moran (Ref. 11 which has been highly

modified and now incorporates a cosine spacing scheme.

The User's Manual presents a short description of the VORLAT program. For

complete coverage of the original VORLAT program, consult Moran [Ref. 1].

C. PROGRAMS JETFLAP AND JETFLAPIN

Program JETFLAP was written by M. L. Lopez, C. C. Shen, and N. F. Wasson

at the Douglas Aircraft Company, Long Beach, California. The program is based on

A Theoretical Method for Calculating the Aerodynamic Characteristics of Jet-Flapped

Wings [Ref. 7] which was developed under a research contract sponsored by the Office

of Naval Research. The program is quite extensive and has the capability of determining

the following aerodynamic characteristics of wings of arbitrary planform:

* Spanwise and chordwise loading

* Spanwise variation of induced drag

e A capability to investigate the efliects of:
Part span flaps
Part span blowing
Pitching, rolling, yawing and sideslip

e Total lift and induced drag (momentum method), pitching, yawing and rolling mo-
ments. etc.

The program also provides the capability to investigate the eflcts of a variation of

leading and trailing flap deflection, camber, twist, jet deflection and jet momentum.

Despite the many capabilities of this program and the revised User's Manual devel-

oped by Soderman [Ref. 8] in 1976, the program has had limited use at the Naval Post-

graduate School since then. This author feels that a major reason for its lack of use is

the inordinate amount of time required for the user to prepare and input the data file for

even the most elementary planform.

To alleviate this problem, the author developed Program JETFLAPIN, an interac-

tive data entry program to interface with the JETFLAP program. To ensure compat-

ibility, much of JETFLAPIN was created using existing subroutines from JETFLAP.
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The JETFLAPIN program provides the user with a method of developing an almost

error-free6 input data file for use with the main JETFLAP program.
The JETFLAPIN program provides error-checking, data review, correction, assur-

ance that all required data has been entered and the elimination of redundant data entry.

6 While it is still possible for the user to input bad data values, the errors due to values out
of limits or incorrect formatting have been virtually eliminated.
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V. PROGRAM TRANSFER AND CONVERSION

A. INTRODUCTION

This section discussed the steps taken in the transfer of the programs DUBLET,

PANEL, VORLAT and JETFLAP from the IBM mainframe computer and their con-

version for use on the MicroVAX'2000 workstation. The information provided here will

be of use to others planning future transfers of programs between the IBM mainframe

computer and the MicroVAX 2000.

B. FILE TRANSFER

1. Programs DUBLET, PANEL, VORLAT

The programs DUBLET, PANEL and VORLAT, were located on the IBM

mainframe under the user account 4632P, which was set up for use by the Numerical

Methods course. AE 4632, taught in the Aeronautical Engineering Department.7 Each

program was opertational on the mainframe and was activated through the use of an

executive calling routine referred to as an "'EXEC". These EXECs and the program

source code files were readily available for transfer.

Each program and its calling EXEC were transferred to the VAX 11.'780 located

in the Computer Science Department. This was necessary as the AEME VAX network

is not currently linked with the IBM mainframe. This transfer was conducted by Mr.

David Marco, a computer technician working on the AE,'ME VAX system, using the

VAX 27S0 3780 Protocol Emulator. The file transfer procedures outlined in a Computer

Science Department handout co~ering the RJE File Transfer Package were followed.

When the transfer was completed. the files were downloaded to a magnetic tape car-

tridge, a DEC TK50.

The tape was then taken to the MicroVAX,2000 workstation and loaded into

the DEC TK50 tape drive subsystem connected to the workstation. The files were then

tranferred from the tape to the workstation's hard disk. From here the files could be

edited using the VAX EDT editor [Ref. 91, compiled, linked and run under VAX

FORTRAN version V4.0.

7 The read-only password for this account is JVH.
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2. Program JETFLAP

Program JETFLAP had to be handled quite differently than the other programs.

It too was operational on the mainframe, however it had been converted into a cata-

loged procedure. JETFLP, and was executed using a Job Control Language (JCL) rou-

tine. An example of this JCL file is shown in Figure 10. More information on how to
create and , -JCL files may be found in the User's Guide to MVS at NPS [Ref. 101 or

the IBM JCL User's Guide [Ref 11].

//TAPER JOB (1461,1478),'DOUGLAS JETFLAP PRGM',CLASS--C
//*MAIN ORG=NAVPGS. 1461P
// EXEC JETFLP
//SYSIN DD *
Tapered Swept WinF, AR=8, Sweep Angle 45, 10X10 W/Semi-Circle Spacing
50. 0000 20.000 0.0 10.43 10.43
1001000001020000
.993844 .969372 .921032 .850012 .758062 .647446 .520888
.381504 .232726 .078217
01010101010101010101
10
.000000 .024472 .095492 .206107 .345492 .5000 .654508
.793893 .904508 . 975528
8.0 45.0 0.45
9

//

Figure 10. Sample JETFLAP Batch JCL File

After an exhaustive search by the personnel of the W. R. Church Computer

Center at the NPS, it was determined that only the compiled version of the program
existed on the IBM mainframe. The source code had been purged from the system and

was not recoverable.

A magnetic tape containing the original Douglas Aircraft Company program
was obtained from Dr. M. F. Platzer. This copy had been obtained during thesis work

conducted by LCDR A. P. SODERMAN. The tape was logged into the NPS computer

center and its characteristics were determined using the tape scan JCL utility shown in

Figure II.
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//JETFLP JOB (1461,9999),'JETFLP TSCANI' ,CLASS=E
// 'MAIN SYSTEM=SY2,RINGCIK=NO

//* Print tape file characteristics for any tape
//W
// EXEC TSCAN,VOLIN=JETFLP,DCBIN='DEN=2' ,UNITIN='3400-4'
//

Figure 11. Magnetic Tape Scan Utility (TSCAN) JCL File

The tape scan utility revealed that the tape used a very old tape density of 800

BPI. The computer center still had an 800 BPI magnetic tape machine, however they

rcconunended that the contents of this tape be copied onto a new tape using the more

common density of 1600 BPI. This was accomplished using the magnetic tape copy

utility JCL file shown in Figure 12. The name of the original tape volume was JETFLP.

This was changed to JTFLAP on the new copy.

//JCOPY JOB (1461,9999),'JETFLP COPY' ,CLASS=E
//,
//* COPY TAPE FILE FROM 800BPI TO ANOTHER AT 1600BPI
//.
// EXEC TAPE,VOLIN=JETFLP,DCBIN='DEN=2' ,UNITIN= ' 3400-4',
/ / VOLOUT--JTFLAP
//SYSIN DD .
CPYEND( 10,11)

/

Figure 12. Sample Tape Copy JCL File

Several parity errors occurred while reading the original tape during the copying

process. This was an indication that the files contained on the original tape or those

obtained through the transfer process may contain errors.

To discover the contents of the tape, a magnetic tape dump utility JCL file was

used. This file is shown in Figure 13.
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//JTFLAP JOB (1461,9999),'JTFLAP TAPEl' ,CLASS=E
//*MAIN SYSTEM=SY2,RINGCHK=NO,LINES=(10)
//1*
/1* PRINT THE CONTENTS OF EVERY FILE ON THE TAPE.
/ /*
/ EXEC TAPE,VOLIN=JTFLAP
//SYSIN DD *
DMPFIL(10,256,1)

//

Figure 13. Sample Tape Dump Utility JCL File

A quick review of the printout of produced by this utility revealed that the tape

did contain a complete set of the desired files and these were transferred to the author's
working disk (A disk) using the procedures outlined in Reference 12. The JCL file used
to perform the transfer from tape to the mainframe is shown in Figure 14.

//JTFLAP JOB (1461,9999),'JETFLAP TRANSFERt ,CLASS=A
// EXEC PG.MIIEBGENER
//SYSPRINT DD SYSOUT-A
//SYSIN DD DUMMY
//SYSUTI DD DISP=SHRDSN=MSS. C0052. JETFLP
//SYSUT2 DD UNIT=3350,VOL=SER=MVS004,DISP=(NEW,KEEP),
// SPACE=(CYL,(1,1)),
/ / DCB=(RECF=FB,LRECI=80,BLKSIZE=8000),
/ / DSN=S 1461. JETFLP

Figure 14. Sample Tape Transrer JCL File

The file was edited to remove the extra lines associated with the transfer process,

specifically header, trailer and system information lines associated with the JCL tape

transfer utility. The transfer process also places the record number and record length

at the beginning of each record. These were removed. The edited version of the pro-

gram consisted of 4661 lines of FORTRAN code.
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Examination of the program file revealed that erroneous pieces of informationg

had crept into the source file. These were due to either the transfer process itself or ef-
fects of the environment and aging on the magnetic tape. Regardless of their source,
these errors corrupted the source code to such a degree that it would not compile prop-

erly on the mainframe.

An attempt to compile the program was made using the VS FORTRAN com-
piler with its extended error messages 9 to locate as many errors as possible. The listing

which was produced flagged all critical areas of the program which required revision.

Corrections to the program were made using the listing as a guide. Corrections to
non-critical areas of the program, such as comment lines, were made using the program

source code listings contained in References 8 and 7 as guides.

It was noted during the editing process that no further errors were encountered

in the program following line 2462. This leads the author to the conclusion that the er.
rors were not due to the transfer process, but solely due to defects present in the outer
windings of the source tape.

Followving completion of the editing process, the program was compiled satis-
factorily. Since the program was written using several commands specific to FORTRL-N

IV it was necessary to compile the program using the (LVL(66)) option with the VS
FORTRAN compiler. This invokes the FORTRAN IV version of the VS FORTRAN

compiler which allows proper interpretation and compilation of older programs written
under the FORTRAN IV standard.

The successfully compiled JETFLAP program was then run using the sample
data files provided in References 8 and 7 as input files. The results were then compared

to those tabulated in References 8 and 7 which were obtained using the same data files.

A slight difference was discovered between the computed values for the moment coeffi-
cients (CM and C.MG). This difference was traced to a program line for CMG(K) in

Subroutine SLOAD which had been modified in [Ref. 8: p. 3381 and [Ref. 7: p. C-191,

but had not been corrected on the version of the program contained on the source tape.
Modification of this line and subsequent compilation and running of the program

produced results identical to those contained in References 8 and 7. An additional

8 The erroneous data consisted of extra spaces, non-standard characters and improperly in-
terpreted characters, i.e., several O's were interpreted as M's.

9 The WATFIV compiler is more thorough and produces an even greater number of messages.
It is recommended for use on smaller programs or in the final stages of program development due
to its extensive output.
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comparison was made with the data file and results produced by S. M. White, as part

of a class project for AE 3501[Ref. 131. Again the results were identical. It was then felt

that the program was ready to be ported over to the \IicroVAX!2000.

The JETFLAP program was transferred from the IBM mainframe to the
MicroVAX 2000 in the same manner described previously. It was compiled using the

NOF77 qualifier under VAX FORTRAN and appeared to compile successfully. When
a sample run was executed, the program terminated abnormally. This began an ex-

tended period of debugging to achieve proper operation of the program on the

MicroVAX 2000.

C. CONVERSION AND REPROGRAMMING

1. Programs DUBLET, PANEL, VORLAT
The programs DUBLET, PANEL and VORLAT were written to

FORTRAN 77 standards and therefore required little modification to become opera-

tional on the .MicroVAX '2000. The only significant changes required involved the

handling and assignment of input and output data files. As discussed in the section on

file transfer, each of these programs had an EXEC file which related to it. Each EXEC

contained the name of the program to be run and its associated file definition statements.

The file definition statements, FI LEDEFs, assign input output devices and were used to

define input and output file names and attributes and associate these with the logical

unit numbersl0 assigned in the called program. An example of these FILEDEFs, with

the FILEDEF command abbreviated to FI, are shown in Figure 15. More information

on these may be found in the User's Guide to VM.CMS at NPS [Ref. 14] or the IBM

CMS Command Reference [Ref. 151.

10 A logical unit number is specified or implied as part of the 1/0 statement and it designates
the device or fle to or from which data is transferred. Logical unit numbers are integers from 0 to
99.
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&TRACE ON
FI 1 DISK JTFLAP DATI B (RECFM F LRECL 2400 BLKSIZE 2400 DSORG DA
FI 2 DISK JTFLAP DATA2 B (RECFM VBS LRECL 860 BLKSIZE 3460
FI 3 DISK JTFLAP DATA3 B (RECFM VBS LRECL 860 BLKSIZE 3460
FI 4 DISK JTFLAP DATA4 B (RECFM VBS LRECL 860 BLKSIZE 3460
FI 5 DISK JTFLAP DATAIN (PERM
FI 6 DISK JTFLAP DATAOUT (RECFM FBA LRECL 133 BLKSIZE 3325
GLOBAL TXTLIB VFORTLIB CMSLIB
LOAD JTFLAP
GLOBAL LOADLIB VFLODLIB
CLRSCRN
START *
&TYPE COMPUTING PROCESSING IS COMPLETED

Figure 15. FILEDEFs in a Sample JTFLAP EXEC File

Although the use of EXEC files and FILEDEFs is relatively easy and is com-

mon practice on the IBM mainframe, they are part of the VMS operating system and

are not in accordance with FORTRAN 77 standards. The VAX, VMS operating system

does have a similar capability using the COMMAND or .COM file. however in an effort
to make the programs more machine independent and compliant with the

FORTRAN 17 standard, it was decided to open and define input and output files I,'ili

each FORTRLAN program.

The use of the OPEN statement causes a logical unit number (device) to be as-
signed for input and or output. Within the OPEN statement specific characteristics of

the file such as record size, file type, type of access, file status, etc., are defined. An ex-
ample of such an OPEN statement is shown in Figure 16.
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C OPEN FILE FOR DATA FILE INPUT
OPEN (UNIT=LUN,
2 FILE= 'INFILE',
2 ORGANIZATION- 'SEQUENTIAL',
2 ACCESS= 'SEQUENTIAL',
2 RECORDTYPE= 'VARIABLE',
2 FORM- 'FORMATTED',
2 STATUS= 'OLD')

C OPEN SCRATCH FILE FOR MATRIX INPUT TO SOLN ROUTINE
OPEN (UNIT=2,

2 FILE= 'JTFLAP2.DAT',
2 ORGANIZATION= 'SEQUENTIAL',
2 ACCESS= 'SEQUENTIAL',
2 RECORDTYPE= 'VARIABLE',
2 FORM= 'UNFORMATTED',
2 STATUS= 'SCRATCH')

Figure 16. Sample OPEN Statement

Much of the information shown in these OPEN statements may be defaulted,

that is. if a qualifier is not input by the programmer, a predetermined response is set by

the compiler. The attributes have been shown here for clarity and to enhance portabil-

ity. Since not all compilers use the same defaults, it is important to know as much as

possible about the file attributes when transferring programs from one machine to an-

other. General information on these qualifiers may be found in most FORTRAN texts

and specifics for the MicroVAX 2000 may be found in the VAX FORTRAN Manuals

[Refs. 16 and 17 1.
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VI. RESULTS AND RECOMMENDATIONS

The objectives of this thesis study have been achieved. A set of four FORTRAN
programs for basic aerodynamic analysis are available for student projects on the
Micro:VAX 2000 CAD CAE workstation. The following programs have been success-
fully transferred from the NPS IBM mainframe computer and are operational on the

MicroVAX 2000.

" Program DUBLET

" Program PANEL

" Program VORLAT

* Program JETFLAP

In addition, an interactive program, JETFLAPIN, has been developed and implemented.
The programs are easy to use, JETFLAP being an exception, and they provide the de-
sired attributes of data review correction, multiple run capability and error-checking.
A users manual for each program was created. These manuals along with sample
input output files and complete program listings are contained in the appendices.

The programs were tested to ensure their accuracy and completeness following
conversion. This was accomplished by comparing the output files generated by the IBM
mainframe and the MicroVAX 2000 for identical input files. The numerical output
values were generally in agreement to the fourth decimal place or better. When the
JETFLAP output file for the DOUGLAS.DAT casell was compared to the output file
in Ref. 7, it was found to be numerically exact, save for a few isolated values.

The results of the 2-D programs DUBLET and PANEL were compared to the ex-

pected theoretical values and wind tunnel data and showed good correlation. The results
of program PANEL for the NASA LS(l)-0013 airfoil showed excellent agreement with

those of Ref. 18. Although not its main purpose, the PANEL program is especially
useful for generating the surface coordinates for an airfoil of the NACA XXXX or
23XXX series.

The 3-D program VORLAT, using the cosine spacing option, produced results
nearly identical to those obtained by Hough [Ref. 191, for a wing of aspect ratio 2. As

II Input file used by Douglas Aircraft Co. to validate JETFLAP in their report to ONR.
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mentioned previously, the results of JETFLAP compared well with the results found in

Refs. 7, 8 and 13.
Countless manhours were expended in the editing, debugging and validating of these

programs, and the result is the desired set of baseline programs for basic aerodynamic

class projects and research.

As with all programs, there are still a few more changes that could be made to im-

prove the utility or flexibility of these programs. The next major step is to provide the

capability of generating graphical output from the data produced by these programs.
The programs DUBLET, PANEL and VORLAT lend themselves quite readily to this

due to their columnar output form, and in fact, the results shown in Figures 26 through

34 in Appendix E were produced on the IBM mainframe using EASYPLOT and

DISSPLA.
There is also furthe- work to be done on program JETFLAPIN. Although it is fully

operational, the data review correction and error-trapping routines were not imple-

mented for jet-flapped wings due to time constraints. A user inputing data for a con-
ventional unblown wing of arbitrary or trapezoidal planform will not be aware of this

deficiency.

Although the JETFLAPIN program performs its designed task of assisting the user

in creating the properly formatted JETFLAP input file, a few suggestions for improve-

ment are considered relevant.

" The program should allow the user to define the number of spanwise and chordwise
divisions and then automatically compute the required coordinates using a semi-
circle or similar scheme.

" The program should provide graphical display of the spanwise and chordwise
loadings for the fundamental and composite cases. The section loadings to be
plotted should be user selectable.

" The capability to read in and either continue or modify an existing file would be
quite useful. This would be an improvement over using the EDT editor to modify
(and possibly corrupt) the properly formatted file.
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Introduction

The purpose of the DUBLET program is to determine the piecewise constant doublet

strength rn(t) for a line doublet distribution of an elliptic or airfoil-like shape at zero

angle of attack. The points t, represent the location of the doublets along the chord or
line of symmetry. They are concentrated near the ends of the distribution, using a cosine

spacing method, where the variation of the doublet strength is expected to be most rapid.

The point t, corresponds to x, and t, corresponds to the endpoint x. The abscissas x,
of the points at which the integral equation is satisfied are chosen as the midpoints of
the subintervals on which the doublet strength is constant, i.e., x, = (t, + t,-,)/2.

The stream function can be calculated from the doublet strength distribution. From the

stream function, the velocity components and the pressure coeflicients may be calcu-

lated. The surface shape is defined by y= Y(x) and the solution must satisfy the

boundary conditions at the leading and trailing edge stagnation points.

Assumptions and Limitations

The approach taken to develop this method of solution assumes that the source and
doublet strength functions are both pieccwise-constant. It is also important to remem-

ber that this solution is for incompressible and inviscid irrotational flow. Since the
bodies under investigation are symmetrical and at zero angle of attack, there is no lift

or induced drag produced. In addition, there is no drag since we are considering an

inviscid fluid.

Input Description

There are very few input values required for this simple program. Their description and

program variable namev are listed below.

NTYPE - Type of body shape; elliptic or airfoil-like.

TAU - Thickness ratio. (Maximum thickness,'chord)

XMAXY. Chordwise location of the point of maximum thickness. (Airfoil only)

N - Number of intervals. 2:s N < 100

XS - Doublet distribution starting point.

XF - Doublet distribution ending point.

NXTOL - Exponent value used to generate the convergence criterion XTOL.

NFTOL - Exponent value used to generate the convergence criterion FTOL.
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XTOL -X location tolerance.

FTOL - X location tolerance.

Sample Problem
A few sample problems will illustrate the use of the DUBLET program. The first run

will be done using an ellipse of thickness ratio 0.1. The second run will analyze an

airfoil-like shape with a thickness ratio of 0.12 and a chordwise location of maximum

thickness of 0.30.

Starting the Program

Begin with the screen showing the DCL prompt, which looks like this.
$

Next, ensure that the program is in your directory by typing

DIR [Return]

and viewing the files for DUBLET.EXE and DUBLET.OBJ. If only the DUBLET.FOR

file exists, you must compile the program by typing,

FOR DUBLET [Returni

The next step is to link the program by entering,

LINK DUBLET [Return]
The files DUBLET.EXE and DUBLET.OBJ will now exist and you will be able to run

the program.

Running the Program

To run the program, type

DUBLET [Return)

The program will start and the screen should look similar to what is shown in

Figure 17.
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PROGRAM DUBLET : VERSION 2 3 AUGUST 88

DOUBLET DISTRIBUTION METHOD IS USED TO DETERMINE
INCOMPRESSIBLE FLOW AROUND AN ELLIPSE OR
SYMMETRICAL AIRFOIL AT ZERO ANGLE OF ATTACK

PROGRAM ASSUMES A NONDIMENSIONAL CHORD, THAT IS,
THE VALID RANGE OF X IS FROM 0 TO 1.

ENTER TYPE OF BODY SHAPE DESIRED:
1) ELLIPTIC OR
2) SYMMETRICAL AIRFOIL-LIKE

ENTER 1 OR 2.

Figure 17. Initial Screen for Program DUBLET

For the elliptic case respond to the request by entering

I [Return]

Respond to the request for the thickness ratio by entering

0.1 [Return]

Now enter the number of intervals you desire the doublet distribution to have by enter-

ing

10 [Return]

The screen should now look like what is shown in Figure 18.

WHICH METHOD DO YOU WISH TO USE TO DETERMINE THE
DOUBLET DISTRIBUTION ENDPOINTS? (1 OR 2)

1) PROGRAM INTERVAL-HALVING SUBROUTINE TO ITERATE.
2) MANUAL ITERATION BY THE USER.

Figure 18. Endpoint Determination Method Selection Screen

Respond to the question by entering

I [Return]

If you should desire to enter your own values, enter 2.
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The next values you will be required to enter are for the X location tolerance and the

stagnation point velocity function tolerance. It is recommended that values of 10E-6

(0.000001) be used. The maximum number of iterations should be set at a value of at

least 20 when using such small tolerances.

The output parameter entry has only to do with the interval halving subroutine. Unless

you are having problems with the program or are interested in the convergence of the

solution, it is recommended that this value be set to zero (0).

Following entry of the output parameter, the program begins the solution process. It

returns with UO and U1. the values for the X velocity component at the stagnation

points and the values for XS and XF, the beginning and ending points of the line doublet

distribution. If the values for UO and U 1 are sufficiently close to zero, say less than

IOE-3 (0.001), then enter

Y [Return]

If you desire more accuracy, enter

N [Return]

and then reenter the tolerance and maximum iteration values. Responding with a (Yi

will cause the program to proceed to the output stage. Values will be printed to the

screen and to the following data files:

DUBLET.DAT : DOUBLET STRENGTH DISTRIBUTION
SHAPE. DAT : BODY SURFACE COORDINATES
PRESSURE.DAT: SURFACE PRESSURE DISTRIBUTION

You will be asked for the number of pressure coefficient output points you desire. This

number is independent of the number of intervals of the line doublet distribution. It

affects only the number of output data points and not the accuracy of the solution. The

program now asks if you want to make another run. Enter

I [Returni

This time the sample problem will work through the airfoil-like shape case and the user

will supply the values of XS and XF. The user may experiment with manual iteration,

however to save space this sample will use previously determined satisfactory values of

XS and XF for the initial guess.
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You should now be back at the initial screen and it should look like Figure 17. For the

airfoil-like case enter

2 [Return]

Respond to the request for the thickness ratio by entering

.12 [Return]

For the chordwise location of maximum thickness, enter

.30 [Return]

Now enter the number of intervals you desire the doublet distribution to have by enter-

ing

10 [Return]

The next step is to select the method for the determination of the endpoints for the

doublet distribution. The screen should look like Figure 19.

WHICH METHOD DO YOU WISH TO USE TO DETERMINE THE
DOUBLET DISTRIBUTION ENDPOINTS? (1 OR 2)
1) PROGRAM INTERVAL-HALVING SUBROUTINE TO ITERATE.
2) MANUAL ITERATION BY THE USER.

Figure 19. Endpoint Determination Method Selection Screen

This time respond to the question by entering

2 [Return]

For the doublet distribution starting point, XS, enter

.0082129128 [Return]

For the doublet distribution ending point, XF, enter

.9994138 [Return]

As with the previous example, the program now begins the solution process. It returns

with UO and UI, the values for the X velocity component at the stagnation points. It

also echoes back the values entered for XS and XF. If the returned values for UO and

Ul are sufficiently close to zero, then enter

Y [Returni

This response will cause the program to proceed to the output stage. Values will be

printed to the screen and to the data files.
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Enter the number of pressure coefficient output points you desire. You are reminded
that this number is independent of the number of intervals of the line doublet distrib-

ution and it does not affect the accuracy of the solution.

The program now asks if you want to make another run. The session is finished, so enter

2 [Return]

This completes the sarrle problems for the DUBLET program. The data files created

by these sample runs and the listing for the DUBLET program are on the following

pages. Since the bodies analyzed by this program are symmetrical with respect to the x
axis, only the upper surface body shape coordinates and pressure coefficients are output.

For this reason, the piecewise constant doublet strength M(I) is divided by two to indi-

cate the portion affecting the upper surface.
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SAMPLE PROBLEM OUTPUT DATA FILES

Sample problem 1: Ellipse - Thickness ratio = 0.1

T(I) = Chordwise location of doublets, T(I) = XS T(N) =XF

M(I)/2 = Piecevise doublet strength / 2

DATA FILE: DUBLET.DAT

DOUBLET STRENGTH DISTRIBUTION

T(I) M(I)/2

0.0045 0.0112
0.0287 0.0259
0.0991 0.0395
0.2087 0.0494
0.3469 0.0547
0.5000 0.0547
0.6531 0.049.
0.7913 0.0395
0.9009 0.0259
0.9713 0.0112
0.9955 0.0000

Sample problem 2: Airfoil Shape - Thickness ratio = 0.12, XMAXY - 0.30

DOUBLET STRENGTH DISTRIBUTION

T(I) M(I)/2

0.0082 0.0184
0.0325 0.0438
0.1029 0.0624
0.2125 0.0703
0.3507 0.0671
0.5038 0.0551
0.6570 0.0383
0.7951 0.0214
0.9048 0.0083
0.9752 0.0016
0.9994 0.0000
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Sample problem 1: Ellipse - Thickness ratio 0.1

DATA FILE: SHAPE.DAT

BODY SHAPE - UPPER SURFACE

x Y

0.0166 0.0128
0.0639 0.0245
0.1539 0.0361
0.2778 0.0448
0.4234 0.0494
0.5766 0.0494
0.7222 0.0448
0.8461 0.0361
0.9361 0.0245
0.9834 0.0128

Sample problem 2: Airfoil Shape - Thickness ratio = 0.12, XMAXY = 0.30

BODY SHAPE - UPPER SURFACE

x Y

0.0203 0.0219
0.0677 0.038
0.1577 0.052:
0.2816 0.0597
0.4272 0.0586
0.5804 0. 0300
0.7260 0.0365
0.8499 0.0216
0.9400 0.0091
0.9873 0.0020

35



Sample problem 1: Ellipse - Thickness ratio 0.1

DATA FILE: PRESSURE.DAT

BODY SURFACE PRESSURE DISTRIBUTION

x CP

0.0000 1.0000
0.1111 -0.2621
0.2222 -0.2341
0.3333 -0.1866
0.4444 -0. 2078
0.5556 -0.2078
0.6667 -0.1866
0.7778 -0.2341
0.8889 -0.2621
1.0000 1.0000

Sample problem 2: Airfoil Shape - Thickness ratio 0.12, XMAXY = 0.30

BODY SURFACE PRESSURE DISTRIBUTION

x CP

0.0000 1.0000
0.1111 -0.3946
0.2222 -0.3572
0.3333 -0.3162
0.4444 -0.2938
0.5556 -0.1820
0.6667 -0.1180
0.7778 -0.2180
0.8889 -0.2142
1.0000 1.0000
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PROGRAM DUBLET LISTING

PROGRAM DUBLET

----- DI SM VI.HAVSOY~lil BY J .A. CAMPBELL I JUL 48)
M

4 aU -- -- - -- -- -

OPNFI SYYS
;j~r~j BODY SHAP OUTPUTo FO.PE ! UW RI
HTATUS UNKNTANS

ScNTGN RAN

PRIN J~NIA

TR L4AERFOLA R L
PN TE. NON

10 PE&f *,* TR TOYSHPE OUTOOHPUTEIRD

TOIAUETIL'

20~~ RER
IF ATY.9. 9 OC N i

OEND&IF ~qO SURFCE PESRE DTRIUIO UTU

ENDE I F J. I.*A)I QIA XY*1 - @AX

CJLL ARUINPT I E O CERTESE PHERINTERVALSR

COAE 'SROFITRAL EIRD
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210 UT 10 YY

21 A 1 6 104 0 1 N PRIN T
IPINPRINT .LT.)TE
PRINT * OU V91T ENTER A MINIPEM Of 2. PLEASE REENTER.'
EN ?TO 2

C ~ i A ARETIWRINT-1)
PR NT140 U)/T

220 R T1 113 A
C EAL A IRARY ROUTIl~f&CLEAR THE SCREEN,* THEN PRINT HEADER

R NT PROGRAM DUBLET RESULTS 1HAVE BEEN NRITTEN TO FILES:'

I , py TA : DLLTSITR Sj~jjTRION'
LNJW:~iSIR .AT: AI

CION TO MA E AOTHER Rti4 S ON
PR NT~

Ep ,,PTO TO AKE ANOTHER RU R

R ~ ' ) END THIS SSIO
ENTER 1 OR 2S
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END
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Introduction

The purpose of the PANEL program is to provide an analysis of the aerodynamics of

NACA four-digit airfoils and airfoils of the NACA 230XX family using the panel

method. This program has been modified to accept arbitrary airfoil surface coordinate

input.

Assumptions and Limitations

This program is limited to single-element airfoils. The solution is determined for condi-

tions of incompressible and inviscid irrotational flow. Since we are considering an

inviscid fluid, the coefficient of drag provided in the results is for the induced drag com-

ponent only.

Input Description

As with the DUBLET program, there are very few input values required for this simple

program. Their description and program variable names are listed below.

NUPPER - Number of nodes on the upper surface.

NLOWER - Number of nodes on the lower surface.

X(I),Y(I) - Surface coordinates. These may be entered from the keyboard, from a data
file, or from data statements. The program is capable of generating an approximation
for airfoils of the NACA XXXX and 230XX series.

ALPHA - Angle of attack. (Angle between the chord and the freestream velocity.)

Input Restrictions

The program, as written, is limited to 100 total surface nodes. This may be modified by

changing the size of the arrays, however only a very complex surface should require that

many values to accurately define the surface. If that is the case, a more sophisticated
program should be considered for the investigation. As mentioned above, the computer

generated approximations to airfoil shapes are limited to the NACA XXXX and 230XX

series. The program will accept values for ALPIHA up to 90 degrees, but the user is

cautioned that since sertration usually begins at about 10 to 15 degrees, results for val-

ues above 15 may be suspect.

Sample Problem

A few sample problems will illustrate the use of the PANEL program. The first run will
be done using an approximation to a NACA 0012 airfoil which is generated by the
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program using the information associated with each digit in the NACA number. The
second run will analyze a NASA LS(l)-0013 airfoil using a set of data statements con-

taining the airfoil surface coordinates. These statements must be inserted into the

proper location in the program prior to running it.

Starting the Program
Begin with the screen showing the DCL prompt, which looks like this.

$

Next, ensure that the program is in your directory by typing

DIR [Return]
and viewing the files for PANEL.EXE and PANEL.OBJ. If only the PANEL.FOR file

exists, you must compile the program by typing,

FOR PANEL [Return]
The next step is to link the program by entering,

LINK PANEL [Return]
The files PANEL.EXE and PANEL.OBJ will now exist and you will be able to run the

program.

Running the Program

To run the program, type

PANEL [Return]
The program will start and the screen should look similar to what is shown in

Figure 20.

PROGRAM PANEL

SMITH-HESS (DOUGLAS) PANEL METHOD
FOR A SINGLE-ELEMENT LIFTING AIRFOIL
IN TWO-DIMENSIONAL INCOMPRESSIBLE FLOW

DO YOU WISH TO:
1) USE AIRFOIL SURFACE COORDINATE DATA VALUES.
2) HAVE COMPUTER GENERATE AN APPROXIMATION

FOR A NACA XXXX OR 230XX AIRFOIL SECTION.
3) QUIT THE PROGRAM.

ENTER 1, 2, OR 3

Figure 20. Initial Screen for Program PANEL
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For the first case we will have the computer generate an approximation for the shape

of a NACA 0012 airfoil, consisting of 20 surface panels, using an algorithm contained
in subroutine NACA45. The angle of attack of the onset flow will be six degrees. To

use the approximation method, enter

2 [Return]

Respond to the request for the number of surface data points by entering

20 [Return)
Confirm the number of surface data points you desire by entering

I [Return]

Although the program will allow a different number of upper and lower surface data

points, it is recommended that you try and keep them equal. An unequal number of

nodes yields trailing-edge panels of unequal length, which lowers the accuracy of the

approximation to the Kutta condition. Respond to this question by entering

I [Return]
The next question asks for the NACA number of the airfoil you are considering. For

this case we will look at the NACA 0012, so enter

0012 [Return]

The screen should now look like what is shown in Figure 21.

ENTER NUMBER OF SURFACE DATA POINTS DESIRED
20
NUMBER OF SURFACE DATA POINTS TO BE GENERATED - 20

IS THIS VALUE CORRECT? (YES=1, NO=2)
1

ARE THE NUMBER OF UPPER AND LOWER SURFACE
DATA POINTS(NODES) EQUAL? (YES=1, NO2)

1

INPUT NACA NUMBER, ANY FOUR-DIGIT OR 230XX SERIES
0012

INPUT ALPHA IN DEGREES (ALPHA > 90 TO EXIT LOOP)

Figure 21. Screen Showing Data for Computer Generated Airfoil
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The program is now ready to perform its calculations. The final piece of information

required is the angle of attack, ALPHA. By entering values of ALPHA that are less than
90 degrees, you may look at as many different angle of attack cases as you desire. En-
tering a value for ALPHA that is greater than 90 degrees will cause the program to stop

the present airfoil analysis and provide you with a choice of exiting the program or ex-
arnining another airfoil. For this case, respond to the question by entering

6 [Return]

Following entry of the angle of attack, the program begins the solution process. Values
scroll up the screen and are simultaneously being written to the data files. When the

solution is complete you should see the screen shown in Figure 22.

PROGRAM PANEL RESULTS HAVE BEEN WRITTEN TO FILES:

PBODY. DAT : BODY SURFACE COORDINATES
PPRES. DAT : SURFACE PRESSURE DISTRIBUTION

DO YOU WISH TO:
1) MAKE ANOTHER RUN OR
2) END THIS SESSION

ENTER 1 OR 2.

Figure 22. Run Completion Screen

Say you have finished your analysis of the NACA 0012 at this point and you want to

examine another airfoil. Enter a value of ALPHA that is greater than 90 degrees, such

as

99 [Return]

A new screen will be presented and the program now asks if you want to make another

run. Enter

I [Return]

This time the sample problem will examine a NASA LS(l)-0013 whose coordinates have

been entered as data statements in the program. You should now be back at the initial

screen and it should look like Figure 20. Since you will be using actual airfoil coordinate

data values, enter
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I [Return]

The screen shown in Figure 23 now presents you with the three choices available for

entering the airfoil surface coordinate data values. You will be using the data state-

ments, so enter

3 [Return)

DO YOU WISH TO ENTER THE SURFACE COORDINATE VALUES:
1) FROM A DATA FILE.
2) FROM THE KEYBOARD.
3) USING DATA STATEMENTS ALREADY ENTERED

IN THE MAIN PROGRAM. ** NOTE ** THIS REQUIRES
THAT PROGRAM BE MODIFIED IN ADVANCE BY MOVING
DATA STATEMENTS TO THE CORRECT LOCATION.

ENTER 1, 2, OR 3. (FOR PREVIOUS MENU ENTER 4)

Figure 23. Menu for Surface Coordinate Data Entry Method

The number of data points has been entered via the data statements, therefore you are

not asked that question for this case. For the angle of attack, again enter
6 [Return)

As you saw in the previous example, values scroll up the screen. These solutions will

be appended to the solutions for the NACA 0012 airfoil. The data files are overwritten

only when a new session (from the DCL prompt) is started.

The program now asks if you want to make another run. The session is finished, so enter

2 [Return)

This completes the sample problems for the PANEL program. The data files created

by these sample runs and the listing for the PANEL program are on the following pages.
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SAMPLE PROBLEM. OUTPUT DATA FILES

Sample problem 1: NACA 0012 Airfoil

DATA FILE: PBODY. DAT

BODY SHAPE

x Y

1.0000 0.0000
0.9755 -0.0034
0.9045 -0.0129
0.7939 -0.0261
0.6545 -0.0404
0.5000 -0.0526
0.3455 -0.0594
0.2061 -0.0577
0.0955 -0.0460
0.0245 -0.0259
0.0000 0.0000
0.0245 0.0259
0.0955 0.0460
0.2061 0.0577
0.3455 0.0594
0.5000 0.0526
0.6545 0.0404
0.7939 0.0261
0.9045 0.0129
0.9755 0.0034
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Sample problem 2: NASA LS(l)-0013 Airfoil

BODY SHAPE

x y

1.0000 0.0000
0.9000 -0.0116
0.8000 -0.0265
0.7000 -0.0420
0.6000 -0.0546
0.5000 -0.0621
0.4000 -0.0645
0.3000 -0.0632
0.2000 -0.0575
0.1000 -0.0454
0.0753 -0.0407
0.0500 -0.0346
0.0247 -0.0261
0.0126 -0.0194
0.0000 0.0000
0.0130 0.0189
0.0250 0.0258
0.0499 0.0347
0.0750 0.0408
0.1000 0.0454
0.2000 0.0575
0.3000 0.0631
0.4000 0.0643
0.5000 0.0620
0.6000 0.0545
0.7000 0.0418
0.8000 0.0264
0.9000 0.0117
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Sample problem 1: NACA 0012 Airfoil

DATA FILE: PPRESS. DAT

ANGLE OF ATTACK IN DEGREES = 6. 000

PRESSURE DISTRIBUTION

X CP

0.9878 0.2339
0.9400 0.1316
0.8492 0.0728
0.7242 0.0362
0.5773 0.0155
0.4227 0.0180
0.2758 0.0680
0.1508 0.2129
0.0600 0.5547
0.0122 0.9318
0.0122 -2.4438
0.0600 -1.7390
0.1508 -1.1500
0.2758 -0.8021
0.4227 -0.5537
0.5773 -0.3638
0.7242 -0.2101
0.8492 -0.0717
0.9400 0.0706
0.9878 0.2339

CD = 0.00721 CL = 0.72235 CM w-0.18377 CMC4 --0.00398
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Sample problem 2: NASA LS(l)-0013 Airfoil

DATA FILE: PPRESS.DAT

ANGLE OF ATTACK IN DEGREES = 6.000

PRESSURE DISTRIBUTION

x CP

0.9500 0.1566
0.8500 0.0713
0.7500 0.0003
0.6500 -0.0572
0.5500 -0.0700
0.4500 -0.0332
0.3500 0.0239
0. 2500 0.1047
0. 1500 0.2627
0.0877 0.3930
0.0627 0.4956
0.0373 0.6714
0.0186 0.8801
0. 0063 0.7672
0. 0065 -2.2382
0.0190 -2.6638
0.0375 -1.9526
0.0625 -1.5750
0.0875 -1.3623
0.1500 -1.0520
0.2500 -0.8380
0.3500 -0.7090
0.4500 -0.6245
0.5500 -0.5094
0.6500 -0.3375
0.7500 -0.1369
0.8500 0.0365
0.9500 0.1566

CD = 0.00324 CL - 0.69366 CM m-0. 16505 CMC4 m 0.00750
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PROGRAMI PANEL LISTING

PROGRAM PANEL
Mo BYJ2 1 J. A. CAMPBELL (JUL 68)1

PROGRAM PANEL

SMITH-ES LA)PNMTHOD
IN TRM&MOLMPOER ;OLLFLOW

SUBROUTINES WARY AND CLRSCRN ADDED TO ORIGINAL PROGRAM.

g UWES~E~l~AE IN LIEU OF THE EXEC FILE

WILEYN? NE ~ RY~ L 984. Ad C CA

THS P !'ROt1PRES TWOD
PRIISUR~ MT . ACIRPPL~WNXTI MIFI

jTIIHATED VAL SFOR LITCiFCE

PR SURE C FC EN OF AC NPANEL.

YOU MAY PDCA ARFOIL SURACEA00RD! TATVLUSR
HAVE THE C RGNEP AN H FORTHICORDNAES
OF A ACWXXXhcy ZoxixAI RFIETON4.

FYIIDESK R TOENTER THE~SRAECODNT AUS SEEA
OPTISAR IVALAL YOU MRAENATERTE ifOADT i

~~~~i A1A6SNG TATImS ALED NEE

* 50! IR STFOJ LVIDYT P R A4 J!'IITWtALIE Y TE

4RILN 16 THC. TRY JOITE ASFINT lIUROF PINTS
EAR TH 1E OR900RELIION.

S*NTE: TO SATISFY THE CRLLARY TO THE ~TCIT~XVAL~
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AOV BY OVIG THE sEC LOCATION.MIN4 DAT AMSATEMENTS Q S A RNMB

MAION NAJ 100),Xj 100 ),YE 100)
Sm*NOTE: IF YOU CHANGE SIZE OF X AND Y- CHANKE N BELOW ALSO I U

DATA X, YO0 6 0O*0./

X ~'/kAAA AU IA

/CPO/

CIF UsNATA SMSOXADVVLES L IE EE

DATA IP E NLW41,1
DATA fXII I1s V). ,90. o.,70,.05,03,210
10. 07S35,1W 0.5104 j~i oo 4'61 8!61i-bi!8!ot684ioo74qe,
0;1NAGE'AS L aT T2 4 000O T~C A ItES

*I 00I * 0 S 015 -.i -

1/ 314152658
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94h 'NREI PRINSKAR6YP& BY J.A. CAMPBELL (JUL66)

,OPN~y~uPET~ DAYOPELN~E, %. ' rNTIAL'.
TQSxr,-,K A'' L,'

€OPEPENTL T ! RESURECEZNT OUTPUT

60 A T N

100 JIT S&(."" ,L 200UER
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C2 O2 AL ROURTINE TO CLEAR THE SCREEN, THEN PITNT EADLER
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' PROGRAM PANEL RESULTS HAVE BEEN WRITTEN TO FILES:'PRiTNI I *L.OFAC

C ,P!TION TO HAK(E ANOTHER RI

O , DOI I IIL
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!6Ta R 2.
uslI.. . L.ou, .

60 *N RE . ) I '0 TO 60
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10000(v9 
L It %l

SUSROUTINE INDATA! X ,Y ,N ,NLOHER ,NUPPER 3

* E PHARA01E

FEE LNF llL SITAIN 1 OD ITRBTO

RAL X ZST N

~H~TR2I~LEv XYNNOEPLPR
NT!R* kF LLor..SIZE

Nll/O OOTOT.COST 0100),NFLAO
CO.t'ON .,PAR/ NC TUPH~M

C L IBRARY ROUTINE TOEAR THE SCREEN, THEN PRINT HEADER

*, tTIPROGRAM PANEL

E NT* NFLTHHSAGO~L~ 4~~ME~g

*t ' OAINL-LJi~LVWFTIN IO

wI, ' NT0IuSgATnA lqw , 5EL4

DO Y WH T&;AWT

PR P,* 3 PQI1~R~. SALSCIN
P RO NTMAE ANOTH,0k

, . fTi! ,M. D.R
READ E; 15' NFLA

O %IOS. FAG.EQ. O TO

AL R I

C SUBRw OUT 5 IN U SHEFRMDATA(XYNNOE U FIERERAD RDT Sif

PRINTf', JaROGIAM NA#VANC BY1UwIO

PUSER NI' NP

1READ Y5 N' ILU F AT LAH

IIf IFLAG .EE. 4) GOFTOG

HnT~j54



It T 0O ."1A F'1 iDA 'N~'.',O 3.'

IOFFA I[Q ZAAIDN IRT NTGl~RO
TO El TO 10

I1 VL~a TO3 E THIE NUMBER OF DATA POINTS I IUMTS)

PR jNTTIR NMBER OF DATA POINTS'
* u** INN8CAEqK , THEINTNMBSER OFDATA POINTS TO BE ENTERED m ,IIJIPTS;

*R;N TIS VALUE CORRECT? IYESul, NO.2)l

IF lNl-fsD St ARwPPER)BOR ENTRY OrIEw

NNDATA FILE READ ROUTINE

W1101TANT~iAEVOX&ISRlARY r jNkI ~ATfH 01;W! BY AN

20 STATUS z AIE1A N Ihe irtput file

C 'H lK EEES JE W II
F 1141 I fld M~iNF LESIZE), EXIST uEXIST)

NUT. EXISTJ TH N
PRINT 'THAT r~eNAME ES TE T.
PRINT *,

GO TO 20
END

C OPEN4 FILEI FOR SURFACE COORDINATE INPUT
OPEN (UNIT=113,

S FILE= INFL,
ORGANIZATOQz'WgUNTIAL',
ACES= E

S ATUSz ~OLF11
PRIN I() )

1010 RWATI F1O.4F1O.4J
GO ToO 10_______________

* C *** ROT IN TO ETER ATA FROMI THE KEYBOARD N*30 SALJ IPUTIXYLRITS)

C **NROUTIN TO CALCULATE SHAPE, GIVEN NACA NUMBER *
SO 5ALLCLUsRN

PRINT *,NtEpNTER INMBER OF SURFACE DATA POINTS DESIRED'
N**ECHO HC THE INPUT

CALL ELRCRN

PRINT

PRINT ,'IS THIS VALUE CORRECT? IYES21, NOZJ'1
FADUN

hAL N0 &t)PYW,NLONRMJPPER)

PRI NT * INPUT NACA IAJIBER, ANY FOUR-DIGIT OR 230OX SERIES'
RE IS..*) NACA

PTMAX sA I/S0-101 P
TAU * NACA - 001EIPS - 100*IPTIAX
PSM1AX * I*.0
M ~AX TMAfjX4g

F 'I IS.t to, 311ETURN
EPSMAX *2.65llUPTAX*N3I 0RET RN
SUBROUTINE NODESItaPIMPTLOE ,lAJPPE) __________

C
C NNN LC~ULATE NLOSIER AND MJPPER FOR LATER USENU

;,1141 AREATHEMASER OF 5PRAD OE SURFACE-
RI ' DATA PQNS( NOOS )E AL? YES1~l, N022)'

EAUH 1) THEN
NL .2i MlPS/2
?PER z NLoNER

ES $ALLCLRSCRN
RIN



PR!NT , TOTAL NUMBER OF SURFACE POINTS a', NLRPTS
20 PRINT a,'------------------------------------------PRiNT *

PRINT I, INPUT NUMBER OF LONER SURFACE POINTSP NLOHER'READ (5,*) NJL HR
RPR , ' INPU PJIER OF UPPER SURFACE POINTS, ,PPER'
READ (5,*J HUMPE&
NTEST r. NLOE + ER I PRI F INTEST .NE. NUI4oTSJ THE N
PRINT a, , OKAY, T I.IPAGAIN EINSTEIN. REMEIBER ADDITION?'

WTO 20 8W P MSi EQUAL AMT

SUBROUTINE INPUT( A,S,N )

4 R 1 NI,
DIK O EN) ,BIN)

' XT NPUT XV
10 E RT V L UESi PER LINE AS DESIRED'

w ;Ef TO INPUT

CA2CKNt i
20 T (/x 'TABL OF', 13,' X VALUES:'/1X,21(':'))

30 aIT 3 IAT IJ J:6,?P
RT *, AA HE VALUES CORRECT? IYES:l, NOz2)'

' .. 1) GO TO 10
UTE aE TPI VALUES

35 RI NT ROYNTE U ALES AS MiANY PER LINE AS DESIRED'

READ XIN,YJ NJN

CO CK H PUT

40 0, NAT (/IX 'TABLE qF-, 13,' Y VALUES:'/ZXZ1(':J))
RIN 301 1W 1 JN
R A , T VACLIES CORRECT? (YES1, NO:2)'

p I = 3I 45968

ET T G 1T. 1)OU TO 35
ENo

C SUBROUTINE SETUPIXYNPNLOHERMJPPER) _________

REAN L NXYIN)
Opa ijDNOD0TgT fCOSTHIII100SINTHEI100),NFLAG

SIGN : -1.0NSTART NL0
rJ8JN: : Oi . I

SET OPES ON OF PAYN E

MWT2020&~j 0T

NINUEN

I100 OGT :N.

NaTART 
z 0 L 

HE

110 l T F4

T SLOES O ATNES

FIS I NFLAG D . Q.Y) T O

90 TH N 10) • X/IST
FOcT/// BOEY SHAPE ,II X,) ,X,'',

100 BCONTINEBOY ,ZIY)
0 -. H P

SETUR SLOSOfANES O ON NTEBO U

200 1 aPHODTO

x 2 ,d ME I I



A E- ACNG PARAME TIR

Y: ARE AN COORDIAE

-1: FOR LONPER URFAC
CQIN/PAR/ NAC WAU, ESMAXPTMAX

TL l Z,4TMH CER BETA
OfZ'N*TIC K SBETA)

YJUR &.ASH 4i SIGWTHCK*COSE BETA)

C 0 N* ***~*** ** W * * * * ** * W * . .
SUBROUTINE NACA45( Z THICK CAlIBER ,BETA)

C H***** W*-----------------WW.
COMMION /PAR/ NACA,-TAUPEPSMAXPPTtAX

HICKAT T:0 0MI EI( LT. i.~~ %qTG 10
IC 2mS AOl. CA*SR 01- Z*l1.122 Z*(.3S37

- Z* - 84 - Z*.1OB
10 F(PSMAX . Q OOCT V

lo F NAA SGT. T O H'
F .GT. PTM X) r O OIy

E ~dR : EPSEIAX/PTMAX/PMW2 .*PTMAX - Z)*Z
0CAMOX a SIX/TA/PIW PTMAX - Z)

110 GAR O 120 4X/l1.-PTMAX**l .4 .WTA)W1 Z)
DCAM0 1 MAR .M PSMAX/l.-PTMAX)MZWEPTMAX

10~TA -ATAN) OCANOX)
RETUR N

130 VA13ER =0.0
BTA -0.0
RTURN

140 IF tZ .GT. PTMAX) GO TO 150
N = Z"PTMAX

CAMBER m EPStAX* fW - 3.)*W + 3 - PTIIAX)RDMO PSMIx3 T I1 - 14 /PTMAX8 p **I
IS0 AMBER = EPSMAX*1. - Z)

CAMOX = - EPS14AX
10 TO 120
END - - - - - - -
SUBROUTINE COFIsH(SINALFCOSALFXYNNLOIER,NU)PPERI

C

SET COEFFICIENTS OF LINEAR SYSTEM
REAL XIN)6YEN)

EOiN /B60/ NOOTOT lOSTHEI100),SINTHiEE100),NFLAG
OtIN/COF/ Al 1' ), UTTA

CVi.?10N /NJVPi 1 wN
KUTTA * jNOOTOT .1

INITIALIZE COEFFICIENTS

DO ~ I0 J 1KUTTA
90 A(KUTTAJ) =0.0

C SET VN a 0 AT MID-POINT OF I-TN PANEL
C

DO 620 I z 1 NOOTOT
XMlID V .5(X 1.X 11 11

C AII,KUTTAJ 0.0
C -- FIND CONTRIBUTION OF J-TM PANEL

C 0 1 1 J a ,N O T O T

IF EJ . 11 GO TO 100
DXJP z X11ID - 1ClJ.1)
DYJP YftID Ylj.)
ELOG = .5*ALoGI xJPDXJP.DYJP*DYJJ~ I EDj*OJDJWYATA R ANI DYJP*DXJ-DXJP*DY I 4XP XDYJPDIoj)

100 CTIMTJ *COSTHE II )*COSTMEI J + SNMHI ) NTHE) J)
STIMTJ NjHEII*COTHEEJl - THf)Ilf J)
Al I;J 2 W*(FTAN*CTIMTJ * FLN 11
B: KT IWIFLOG*CTIMTJ - FTE li )

IF .-2AlG. 1) WTTND *I.Lt. NOOTOThlSO To 110

-- IF I-TN PANE L TOUVCHES TRAILING EDGE,
ADD CONTRIBUTION 10KUTTA CONDITION

AIKUTTA,.J) 2AEKUTTA,4
110 CONIMf a I IUTA) + AII,J)

C
C FILL IN KNONN SIDES

C I tf,KUTTA.I) a SINTNEEIW*COSALF - COSTlNEEI)*SINALF
120 CONTINUE

AEKUTTAKUTTA.1I - COSTHElI) + COSTHEENOOTOT)JWCOSALF
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RETUR ISINTHEI 1) + SINTRE(NOOTOT I DSINALF
END ____________

C ---------------- _IH ~ H ~ HI *4I *4 W 4
SUBROUTINE GAUSSE NRHS)

LIO jjNAR iGERAI fYTEN 1

CA :COEFICENT ATRIX
9R~ NUMBii OF SIDES

OVI IN

GAUSS REDUCTION

DOIO 2,NEQNS
-- A& HFOR LARI ST NRIN (I-1JTH COLUMN

F t ~AMAX .GE. A S(A(411N )) 00 TO 110
AMAX *BSA(J,IM))

110 CONTINUE

-- SNITCH I I-iI)TH AND IKAXTH EQUATIONS

F 1IAX .NE INM) GO TO 140
iMNTOT

OMP3 !*A1 H J)
A II J) zA(INMAX,J)
AtJ)V aTEMP

1 I30 CONTINUJ
ELIMINATE (jiUT NOlJ FRO

140 DO0150 1TINU xIIiHQAIN

15 IS A( ,K) ~,K)- R*A(II,K)

C BACK SUBSTITUTION
C

(10K z PNTOT
XNQNSPKI )N EEr0 T v A K )/A( NEQNSvNEQNS)

J I PIEN
200 A 00 I K ;( I,

A00 I K) AlI,)/lI )*AIJ,KI

C **
SUBROUTINE VE LDISf SINAIF ,COSALF ,X ,Y ,N ,NILOSER PNUPPER pALPHA)

COMPUTE AND PRINT OUT PRESSURE DISTRIBUTION
R AL(NJ YIN)
NUtX /860/ NODT TOSTHE1OOJSINTHEI100)NFLAG

EOfW4ON /COF/ All 11 ,KUT A

C ON /SKAL/ 8 O,YFILT

hV 1o00 ALPHA
tRITE leAOO) ALPHA

C RT (112,10051

C RETRIEVE SOLUTION FROM A-MATRIX
5 0 so I K -TOT

ZIlA *AlKUTTA,KU 402)
FIND WTAND CP AT MID-POINT OF I-TN PANEL

30 1 al TOT

c TANG COSALF OSTHE II) + SINALF*SINTHE (I
ADD CONTRIBUTION OF J-TH PANEL
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p0O120 1J ,NODOT
FTAN

(F 11EQ GO TO 100
XJ MID - XIJ)

lyJp YMI 8
XAP'iDXJPDYJP*DYJP) m/ D l4DXYjDYJ))

ON : At~hi1 YJP*DXJ-DXJP*DYJ p IDJ s *
*100 CTIIITJ : CT i *COSTHE(J) . SiN t1 ,*S ;

"ITi * ITE *COSTHEIJJ I 10T~ 3 SNTH13
A PZIV FTAN*CTIMTJ,!LOG* T S1TJ

S i2iNV" lFLSG*ITIMTJ-FA STII1TJl
vANG TN *(J*AI*

120 CONTfUJE=WN *J+AM
CPI) 1. - VTANG*VTANG

* C C LL PJITXYO~,P 11

C1 RMIVTCI//Il ' ANGh OF ATTACK 6 DEGS

8S RflAT(// 6 R!SSU~ DISTRIBUTI */,,X

C M~*~** *IWH H* 4H****g;HEN;X***Yo NEsN.PR
SUROTIE-----INLFC------------------

COMPUTE AND PRINT OUT CO ,CL ,CI
REAL XCN) VINI
COMMON /BOD/ NOD 1OTiC0STHE(10OISINTHE( 1003 ,NFLAG
COtr.11ON /CPO/ 0
CFX z 8.0CFV I

z H8
MC4 =0.0
10100 I1 = OTOT
XMID = 5*rx I) XI.)

IYI a *5*Y~ CIII*1))

CH c H +OPI*D*?1 Y*YMID)
,DoFVIUE2CMC4 + CPI I)*I DX-*CXIIID-O.2S) # DYWYMID)
coD CFX CSAL F, CFY*SINALF
CL 2 CIFY*CSAF -FX*S NAL F
PRINT 1?00 8CE CLCM II
HR TE IZ,0U DCLCi

1000 FO IIATE///11,6CD-F CL =',F6.Sp CM =',FS.Sp
R ETURNM4xp85
END

SUBROUTINE CLRSCRN_______

CLIBRARY ROUTINE TO CLEAR THE SCREEN.

HAT a LIB$ERASE-PAGE (1,1)

SUBROUTINE QUERY(N ANS)
C
C 0yTN Tq TRAP IRRORS CAUSED BY IMPROPER RESP tiSTy

q C'1TPU ER GEN RATES ADERR R HHEN A CHARACTRDE
A QUESTION EXPECTING AN INEEOR REAL VALUE.

'LIPIEST GT. 0) THEN
SRINT **CHARACTER VALUES ARE NOT V

Eq;R NT* RE PESE ETEA VALUE OF 10Rz2l:

RETURN

DATA VALUES FOR VARIOUS AROLS. TO UREMOVE COMNTS
AND PLACE AFTER COMMION CARDS IN MAIN PRGAM.

C **FLLOtIING DATA IS FOR THE NACA 0006 AIRFOIL N
C JDA I4JPPERi NLNE 1P4

DATA (XII 1=iOHER/140.,.80./ 60 .06.,.30f.20,.1O,

0.07S,00 1 .0 P6 1 S60o 0 0o12 60 0 5,0.0 St
**2 .1 j~ F 6*AAfr 76 AC0

C DATA CYlI 12j!A.06 0024aj~ j-?132-.22

2 .0 1,.O29O2,:~.;49Ni 28,.i2,3Z,0h1260724/' 2

*****IFIFNKU -WI

C *** FOLLONING DATA IS FOR THE NACA 0012 AIRFOIL *
C DATA 'UPPER, NLO'4ER /14,14/
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DATA EXI : /.Q 9,S,7 O5j.0 0 .109

***'N~ie? VUE6T TO'aLII3 6 'ISA*T TO 0.000 VS ACT THIJKNESS
DAT A YI iI ,2o/.l00 ,t1Q8. 6u. 3- -U

W*FRIk OI4ING DATA I6S FOR THE NASA LS(l1)-0013 AIRFOIL 'N

~~ BA{A f NLONE R /4,14/

I 'd)OT g 6i,862 04
DATA*O p t ,2 ) N1~ 6  g 4OV 0C0 ~ NESS U

1 0 ACT9 023 4
' USRISRCISFO AALDATA ENTRY ),, *

6 DI *4 i6

USEl) INTUCONS FOR THEUA TOTA )ERO: IFILDT
* POINTS DO Not CWRM TE LEADIN OR AILGU EDGETAnC!

* NOTE: ARRAYS ARE JI~ONED 11RI EN
* LIMITING111T8 IJER O DTA OIPTTI Y

'I ~~pr TOTNU fEVN TO RE DIMENSIO.
* THE PROGAM NILI La Q OR Zt FAYERRA ~ '
* MAE. ATABLE O0 X COORDzINATS aISPLAYED F NH MIR

* TO CHECK HIS INPUT. '

4 31 INTER YCOORDI4ATS AS MAWYTO A IN AS SIRD0.
TH RAMl NIL ALLOW FOR CORRECT OW~t INYESRR R

TOE ATAI EI Y COORDINATES IS IPAYE F R HTO CHECK H INPUT.

N f4) PROGRAM ALLOWS OR&A MANY RUNS AS THE USER DESIRES N
* SIMPY FOLLOW CUING SEQUENE
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Introduction

The purpose of the VORLAT program is to provide an application of the vortex lattice

method for the determination of the lift distribution of a flat rectangular plate. This

method is based on a distribution of discrete horseshoe vortices over a wing surface that

has been divided into a finite number of panels. A system of linear equations is devel-

oped for the vortex strengths on the panels and solved by matrix methods.

Assumptions and Limitations

This program is limited to flat rectangular wings. The program divides the wing up into

panels using either a uniform grid or cosine spacing method. The cosine spacing algo-

rithm provides a finer grid near the wing tips where the pressure distribution over the

wing is rapidly changing. Both methods incorporate an enhancement whereby the pan-

els do not extend to the wing tips, but only to a distance of 6:4 from the tips. The value

of 6 is the spanwise width of a wing panel.

The solution is determined for conditions of incompressible and inviscid irrotational

flow. Since we are considering an inviscid fluid, the coefficient of drag provided in the

results is for the induce.' drag component only. This program is intended to be used for

the analysis of flat rectangular wings with low aspect ratio. High aspect ratio wings are

better analyzed using a niethod based on the lifting line theory.

Input Description

There are very few input values required for this simple program. Their description and

program variable names are listed below.

AR - Aspect ratio of the wing. (Span)', Area

NX, NY - Number of vortices in the X and Y directions.

ALPHA - Angle of attack. (Angle between the chord and the freestream velocity.)

IOPT - Grid spacing option. Uniform grid or cosine spacing.

Input Restrictions

The program, as written, is limited to 350 total surface vortices. This may be modified

by changing the size of the arrays, however for the wings that this program was intended

to analyze, this should be sufficient. The program will accept values for ALPHA up to
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45 degrees, but, as noted previously with program PANEL, the user is cautioned that

values above 15 may be suspect.

Sample Problem

A sample problem will be used to illustrate the use of the VORLAT program. The run

wxill be done using a flat rectangular wing with an aspect ratio of 2. The lattice will be

created by placing three vortices on the wing in the X direction and 5 vortices on the

wing in the Y direction. The vortices will be distributed using the Uniform Grid spacing

option and the wing will be set at an angle of attack (alpha) of 6 degrees.

Starting the Program

Begin ith the screen showing the DCL prompt, which looks like this.

$

Next, ensure that the program is in your directory by typing

DIR [Return]
and viewing the files for VORLAT.EXE and VORLAT.OBJ. If only the VORLAT.FOR

file exists, you must compile the program by typing,

FOR VORLAT [Return]

The next step is to link the program by entering,

LINK VORLAT [Return]

The files VORLAT.EXE and VORLAT.OBJ will now exist and you will be able to run

the program.

Running the Program

To run the program. tyne
VORLAT [Return]

The program will start and the screen should look similar to what is shown in

Figure 24

63



PROGRAM VORLAT : VERSION 4 : 10 SEPTEMBER 88

VORTEX-LATTICE METHOD USED TO DETERMINE SPANWISE
LIFT DISTRIBUTION FOR A FLAT RECTANGULAR WING

ENTER THE ASPECT RATIO?

Figure 24. Initial Screen for Program VORLAT

Respond to the request for the aspect ratio by entering

2 [Return]
Respond to the request for the number of vortices by entering

3,5 [Return]
Now enter the angle of attack in degrees as

6 [Return]
Finally enter the grid spacing option.

I [Return]
The screen is then cleare#. and you will be presented with what is shown in Figure 25

THE CURRENT VALUES ARE:

1) ASPECT RATIO ......... .. = 2. 000000
2) NUMBER OF VORTICES (NX,NY) = 3 5
3) ANGLE OF ATTACK (DEGREES) = 6. 000000
4) GRID SPACING: (1) UNIFORM, (2) COSINE 1

THE CALCULATED PARAMETERS ARE:

DELTA X = 0. 3333333
DELTA Y = 0. 1904762

NUMBER OF EQUATIONS TO SOLVE 15
ARE THESE VALUES CORRECT? (YES=i, NO=2)

Figure 25. Data Review/Correction Screen

If your display agrees with this, respond to the question by entering

I [Return)
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If you should desire to change any values, enter 2, and you will be asked which value
you want to correct and the new desired value. Following entry of the correct values

and a positive response, the program begins the solution process. It returns with the

coefficients of lift and drag at the indicated spanwise positions, as well as the chordwise

center of pressure for those positions. Overall values for the coefficients of lift, drag,

induced drag and moment about the leading edge are calculated and then printed out

near the bottom of the screen. Don't worry if you miss some of the values as they scroll
up on the screen. All the values are printed to both the screen and to the data file.

The program now asks if you want to make another run. Enter

I [Return)

You should now be back at the data review/correction screen and it should look like
Figure 25. Now run the same wing, but use the cosine grid spacing. Enter

2 [Return]

You want to change the grid spacing, so enter

4 [Return]
The screen is automatically updated and you will see that the grid spacing has been

changed for you also. Since there are only two grid spacings available, the program

"knows" to chose the other and this saves you the extra step of having to enter it. Not

exactly artificial intelligence, but it helps. You are again asked if the data is correct.

As in the previous example, responding with a (1) causes the program to proceed to the
output stage. The solution will be printed to the screen and appended to the data file

which contains the data from the prior run.

The program now asks if you want to make another run. The session is finished, so enter

2 [Return]

This completes the sample problem for the VORLAT program. The data file created
by this sample run and the listing for the VORLAT program are on the following pages.
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SAMPLE PROBLEM OUTPUT DATA FILES

** UNIFORM GRID SPACING **

NX- 3 NY- 5 ASPECT RATIO - 2.00 ANGLE OF ATTACK - 6.00

Y CL(Y) CD(Y) XCP(Y)

0.095 0.32140 0.01232 0.22266
0.286 0.31085 0.01213 0.22061
0.476 0.28791 0.01166 0.21614
0.667 0.24778 0.01068 0.20843
0.857 0.17711 0.00839 0.19624

CL = 0.25620
CD = 0.0105093
CD/CL2 = 0.1601
CMLE = -0.055004
XCP - 0.21469

** COSINE GRID SPACING *

NX= 3 NY= 5 ASPECT RATIO = 2.00 ANGLE OF ATTACK - 6.00

Y CL(Y) CD(Y) XCP(Y)

0.045 0.32155 0.01223 0.22403
0.210 0.31734 0.01220 0.22325
0.476 0.29243 0.01176 0.21844
0.742 0.23258 0.01038 0.20690
0.907 0.14330 0.00733 0.19607

CL = 0.25927
CD = 0.0106156
CD/CL2 - 0.1579
CMLE - -0.056232
XCP = 0.21688

NOTE: CD/CL2 - - nA"". Used to compare results to those for elliptic loading.
Ql i6AR
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PROGRAMI VORLAT LISTING

PROGRAM VORLAT
*NO~JFI 0  J. A. CAMPBELL (JUL O81

L BRO**N***NN***N*4**HI0N4HHYAi* By

PROGRAM4 VORLAT :VERSION 4 4 AUGUST 88

PE A oLRIh NTE F S

. TO P+EEMRHE6ANTAJ

4 ALIT

~. AN ED~~rI T iC

PRGA VOLA VESO 3 1' HA46

C* HV!~ON F HSPCRNOPR T ON NIT *

6AQN

~PROGRAM VORLAT :VESIN3 4TAY8

VOTXLTTICASPETHO AO FARECNGURS MVICES
NX-ANOj Y- UTHIS X NY A
sLE OFSE AATA INMGES yom

PRIT mmm

M191, ROAM ORLT VRIN' 10SPEBR
VORTETICETHOa SD XE

F bgDINQ Y, L T ITTIF OR

10 ChT~ ETE TE APC AI?

30~~U ASPECT ±T 1igg I&RF ORTICUMERS IN VTESADYDRCIN

N. IHA1 H LEGEr(Yir~~4  BE OF AT ACKI)EGE
CAL IBRA.YJOTINETO REATHESREN THZERO PT EAEREDER .

AE L I(:NA
THAN 4* LAEENE.

!tNaSS .G AM0 VT 72 ESON 1 ETEBR8

litt? R~giA~jCE ETHO YSD fRIE67 I



60PRINT w, ENTER GI INPACING OPTION 1 OR 2): 11) UNIFORM',

C 70 MAKE CALCULATIONS AND ECHO CHECK THE INPUT
aX L ./FLOATINX)

L VL AL3OUTINE TO CLEAR THE SCREEN

C
:v' THE CURRENT VALUES ARE:

' I o. Cr c , !*, P RA

m, GUI.: SPACX: ) IE u',IOPT

U,' THE CALCULATED PARAMETERS ARE:

ELl R P A Y v:B

W HLaMSER OF EQUATIONS TO SOLVE -' ,NEQNS

R kPR 6_ARE THjSE VALUES CORRECT? IYESul, NO:2)'7SA

FL  TLiDoFIY: T[R r T"2..

C F", FLAG .EQ. 1) GO TO 90
PRINT :, * WHICH VALUE DO YOU HISH TO CORRECT?'

8O PNVGTrP;- ' ENTER 1, 2, 3 O 4.'

EN TO 8
C S SOL BAK TO ORTAIN CORRECT DATA

G O 100F) FLAGC CHAlG GR D T PE * *

LS T 1

ONTO 7Z
C

90 COSALF z COSIALPHA*P/1SO.)
SINALF z SINEALPHA*P/180.)

C
C INFORM OPERATOR THAT PROCESSING HAS STARTED

WRITE (6,1003)

C SET COEFFICIENTS OF EQUATIONS FOR VORTEX STRENGTHS
C

DO 100 1 a 1,NYDO 100 J : INX
TJIf - i )*NlX:°
AIJNENS )N; SINALF

DOl0 L •1pNX
KL 2 K- )*tX * L

CONTINUECALL DI#IASH I vJKLA(KLIJ),)100CNTPE
C

SOLVE FOR VORTEX STRENGTHS

CALL AUS El)
OO ZI a lNY

a• IN ) " o

200 GAMEj a ( NEt.,M+S.)
S PRINT OUT HEADINGS FOR DATA

FIOPT E. I 111,1000) AA(III .ill: 11 00 NX,NY~f,RPA

T 11,1001) WNY ,ARALPHAMIT 111,181W.tT| I ,ot

INITIALIZE TOTAL FORCE AND HOIENT COEFFICIENTS.0
C
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Introduction

The purpose of this manual is to permit the user to utilize the JETFLAP program very

quickly and easily while requiring little understanding of the underlying EVD theory.

The program JETFLAP can be run as a stand alone program if the user wants to de-

velop the JETFLAP input data file manually, but this is not recommended. The layout

of the data is not intuitive and its formatting is critical. For this reason, the program

JETFLAPIN has been created to assist the user in creating the JETFLAP input data file

through an interactive terminal session.

This interactive program is a user-friendly way of creating the input data file required

by the wing analysis program JETFLAP. When executed, JETFLAPIN asks questions

of the user in order to construct and write to a file the required JETFLAP input data file.

The following manual contains an explanation of the required input data. The reader

will find a parallel explanation, with minor modifications, in References 7 and 8. Some
parts of these sources have been duplicated in total since they required no comment and

were relevant to the present explanation. References to input data cards have been

changed to data file lines. In the interest of space, some sections were not included, but

the interested reader may find them helpful.

Three sample data input files and their associated output files are included at the end

of this appendix. The file VOYTEST.DAT contains information approximating the
VOYAGER wing planform. TAPER.DAT illustrates the use of the trapezoidal

planform simplification and a semi-circle spacing scheme. The wing is swept 45 degrees,

has an aspect ratio of 8.0 and a taper ratio of 0.45. The DOUGLAS.DAT data file is
contained in Ref. 7 and was also located at the end of the magnetic tape following the
program JETFLAP. It has been used as a program validation test case by comparing

the present results with those of Refs. 7 and 8. This file contains information for a

simple rectangular jet-flapped wing and three fundamental cases. The stability derivative

flag has also been set.

Assumptions and Limitations
Before using this program, the user should be aware of the assumptions used in devel-

oping the EVD method and the resulting danger of extending the theory beyond its
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limits. The assumptions are explained in the section on theory contained in References

7 and 8. but they are summarized below.

1. Linearity - This assumption allows the superposition of fundamental geometric
cases or solutions but also limits, as an example, the total deflection of flow by
flaps. Reference 7 states that the small angle assumptions of the linearized ap-
proach make it unlikely that the program would accurately predict the character-
istics of a wing with a flap deflected at 60 degrees.

2. Thin Wing Approximation - Enabling the simplified treatment of wing sections by
transferring boundary conditions to the chordline, this assumption limits the accu-
racy of the program in moot-ing thick wings.

3. Inviscid Flos - Because of its inability to predict separated flow, the computed lift
may be unrealistically large for a wing at high angle of attack or with a sizeable flap
deflection. Also, the program cannot consider parasitic drag.

4. Incompressibility - This assumption limits the range of speeds for which the pro-
gram can be used to that in the low subsonic range. The Prandtl-Glauert rule can
be applied to cases where subsonic Mach number effects become important (Ref.
3) and, in fact, has been included in a later version of this EVD program.

5. Irrotationality - The irrotationality assumption usually imposes no additional lini-
tation in low-speed external aerodvnanics where the flow can be considered
irrotational.

6. Interference Effects - No allowance is made for mutual interference effects between
the wing and pylons. nacelles or fuselage. Ground effect is also neglected.

7. Wing Area Variation - Although multiple-flapped wings may be modeled, no al-
lowance is made for the increased wing area due to flap extension. An example is
a Fowler Flap. If the configuration of concern is such a case. a modification of the
original wing planform area input value would have to be made.

S. Trailing Edge Jet Sheet - The program only allows the jet sheet to emanate from
the wing trailing edge. Therefore, doubtful results will be obtained on augmentor-
type flaps. slots and externally blown flap systems.

9. Computer Run Time - An increase in the number of elements used to model the
win planform will increase accuracy. However, according to Reference 7 the time
to compute increases proportionally between the square and the cube of the num-
ber of elements used. On the MicroVAX 2000, a run using 112 elements
(VOYAGR.DAT. no jets, two fundamental cases) took 137 seconds to run, while
a wing with 37 elements (DOUGLAS.DAT, 21 wingr16 jet elements, three cases
and stability derivatives) required only 91 seconds. These times may be further
shortened by sending the output to a file vice the screen. In the case of the
VOYAGR.DAT run, the time was cut by more than half to a mere 59 seconds.

Data Preparation Requirements
Prior to using the JETFLAPIN and JETFLAP programs, the user must accomplish the

following:

1. Draw a scaled plan view of the wing and, if present, the jets.
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2. Divide this planform into spanwise sections parallel to the freestream velocity. A
maximum o1 40 is permitted.

3. Divide each section into rectangular base elements. These elements, literally, are
the bases of the EVD elements [Ref. 8: p. 53] which, in turn, are the "building
blocks" of the progr,:m operation. Each row can be divided into a maximum of 40
base elements, 20 on the wing and 20 on the jet. However, the maximum number
of these elements may not exceed 600.

4. Using a logical scheme, translate the arrangement of these elements and the de-
flections of the EVD's into a format usable by the program.

5. Refer to the section on the Formulation of the Input Data for a suggested method
of approaching the problem of data determination.

Input Description

A brief description of each piece of input information required is provided during exe-

cution of the JETFLAPIN program. howfver for the benefit of the user they" are re-

peated and expanded upon here.

" Title Line - This card provides any desired description of the computer run. The
title will be printed at the top of the first page of output. A maximum of 80 char-
acters may be input.

* General Planform Parameter Line - This line contains basic planform information.

AREA Wing area, in units of (SPAN)' to be used for normalization of the
aerodynamic coefficients. Must be in the same units as SPAN, i.e., if
span is in feet, the area should be in ft'.

SPAN Wing span, in any desired length units.

CREF Wing reference chord, to be used for normalizing various aerodynamic
coefficients. It may be any chord length and must be in the same units
as SPAN. If a value of 0.0 is input, the mean aerodynamic chord,
CMAC. which is computed automatically, will be used.

XMC Pitching moment center. Point about which pitching moments will be
taken, measured from the wing apex. Same units as span. NOTE: The
wing apex is defined by the program, implicitly, as the intersection of the
x-axis with the leading edge when the wing is oriented without a sideslip.
If the wing should be input in a yaw, the apex remains at that point.

XCG Wing Center of Gravity. Measured from the apex, this point is used as
a pitching axis for computation of stability derivatives, XCG need only
be input if IDERIV # 0. Same units as SPAN.

* General Control Line - This line contains control "flags" which describe the basic
characteristics of the computer run.

NROWS Number of spanwise sections (rows) into which the wing is divided. For
symmetric or anti-symmetric wings, only the number of sections on the
right half of the wing should be input. For non-symmetric wings,
NROVS equals the total number of spanwise rows from wing tip to
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wing tip. See [Ref. 8: pp. 79-811 for a discussion on symmetric versus
non-symmetric wings.

NCASES Total Number of Fundamental Cases. There will always be one funda-
mental case, that being a flat plate at one degree angle of attack. No
input data is required for that case and it will be labeled by the program
a Case 1. Therefore. NCASES must be one greater than the number of
cases for which input data will be given (data lines 12 and 13), to allow
for the angle of attack case.

ISYMM Symmetry Indicator.

* = 0, Wing is symmetric

* > 0, Wing is non-symmetric

S< 0, Wing is anti-symmetric

IPRINT Printed Output Control Flag.

* > I, Print geometry details and total aerodynamic coefficients,

* = 1, In addition, print spanvise loading,

* = 0, In addition, print chordwise loading,

* < 0, In addition, print all matrices, back substitution checks and
other details. This option is normally reserved for trouble-shooting,
since it produces a very large amount of output.

JETFLG Jet Indicator Flag. A flag used for signaling if there is a jet issuing from
the trailing edge of the wing.

* = 0, There is a jet sheet and jet data will be input.

* = 1, There is no jet sheet.

IGTYPE Wing Planform Geometry Flag.

* = 1, Wing planform is completely arbitrary and sectional leading and
trailing edge coordinates will be read to define the planform.

* = 2, Wing is trapezoidal and simplified planform data will be input.
This type of input can only be used if the wing is symmetric. NOTE:
Although a triangular shaped wing might be thought of as a degen-
erative trapezoid, this input cannot be used for a delta planform.

HINGE Hinge EVD Flag.

* = 0, Regular EVD's will be used on all hinge elements.

* > 0. Hinge EVD's will be used on all hinge elements. Not permitted
if computing dynamic stability derivatives, i.e., IDERIV > 0.

IDERIV Dynamic Stability Derivative Flag.

* = 0, Basic run will be executed with no stability derivatives computed.

* > 0, In addition, a dynamic stability derivative run will be executed.
This option requires the program to make an additional run, ap-
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proximately doubling the computer time. NOTE: The derivative run
also reduces to 8 the maximum number of optional fundamental cases
permitted. since an extra fundamental case is generated by the pro-
gram to be used during derivative calculations.

Section Centerline Location Lines - These lines contain the spanwise locations of
the centerline of each wing (and jet) section. JETFLAPIN will will place up to
eight values on each line, with a maximum of 5 lines (40 sections) allowed.

Y Spanwise distance from wing centerline (x-axis) to the section centerline,
normalized by SPAN2. All values must satisfy (-1.0 5 Y 1.0).
NROWS (number of row sections) values must be input, beginning at
the right wing tip and working to the wing centerline for symmetric or
anti-symmetric wings, or to the left wing tip for non-symmetric wings.

Wing Section Type Line - This card indicates the chordwise arrangement of EVD
elements for each section on the wing. The section type is determined by the
number and spacing of the elements within each section.

ICTYPE Type Number of Each Wing Section. Any sections having the same
number of elements, all with the same distance from the section leading
edge (normalized by the xectional chord) are of the same ICTYPE. A
maximum of ten different types is allowed. The section at the right wing
tip is dc-ignated ICTYPE 01. Each new type receives a sequentially
higher ICTYPE. The highest ICTYPE is referred to by the program as
NWTYPE. NROWS values must be input, therefore, each section must
be "typed".

Number of Chordisise Wing Elements Line - This line contains the number of
chordwise EVD elements for each wing section type (ICTYPE).

NI Number of Chordwise Elements per ICTYPE. Enter, in ascending order
by ICTYPE, the number of elements within that ICTYPE. There may
be as few as two or as many as twenty elements per section type.
NWTYPE (the number of different section types) values are required.

Wing Chordisise Element Coordinates - These lines contain the x:c coordinates of
each EVD element for each ICTYPE.

XBW The chordwise coordinate of each EVD vortex point, measured from the
leading edge of the section. normalized by the sectional chord. The first
XBW of each set must be 0.0 and the last, less than 1.0. There may be
as few as two or as many as twenty values per section type. NWTYPE
(the number of different section types) sets of values are required.
NOTE: Reference 7, Vol. 11 refers to these coordinates as XB. The "W"
was added in reference 8 to be consistent with the nomenclature of the
program listing and also to differentiate between hinge point coord.,
XBH, and XBJ, the coords. of elements on the jet sheet portion of the
section.

Planform Information Lines - There are two types of input lines used to define wing
planform. Line 8a is used for arbitrary wing planforms (IGTYPE- 1). Line 8b is
used for trapezoidal wing planforms (IGTYPE - 2). The program JETFLAPIN
will choose the correct form based on the value of IGTYPE.
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* Leading and Trailing Edge Coordinates - In order to define an arbitrary planform,
the leading and trailing edges for each section must be defined. All section coor-
dinates need not be input, however. The program must have the tip and root co-
ordinates, as a minimum, and any other section's which would define a break in the
edge. The program will assume a straight edge exists between coordinates input,
and will interpolate between them. A minimum of two sets of coordinates and a
maximum of NROWS is required.

Y Spanwise distance from a section centerline to the centerline of the wing,
normalized by the half span. Each value must be exactly the same as
those input for the section centerline location lines. JETFLAPIN auto-
matically uses the previously input values.

XLEAD Leading Edge Coordinate. Input the chordwiise distance from the section
leading edge, at the section centerline, to the wing apex. Same units as
SPAN, i.e., not normalized by the chord.

XTRAIL Trailing Edge Coordinate. Input the chordwise distance from the section
trailing edge, at the section centerline, to the wing apex. Same units as
SPAN.

9 A "9" must appear in column one of the next line after the last edge co-
ordinate in order to signal that all desired sections have been input. This
is required only if IGTYPE- 1 and is handled automatically by
JETFLAPIN.

Trapezoidal Wing Parameters - This line contains planform information for the
trapezoidal wing. It is used when IGTYPE = 2. This type of input may be used
only when the wing planform is symmetric.

ARATIO Wing Aspect Ratio. Input the value of(SPAN)-'AREA. JETFLAPIN
automatically calculates this value from previously supplied information.

SWEEP Sweep angle of the Quarter-Chord Line. Input the angle in degrees.

TR Taper R:ttio. TR is defined as the chord at the wing tip divided by the
chord at the wing root.

* Jet Section Type Line - This line indicates the chordwise arrangement of EVD ele-
ments for each section on the jet sheet. The jet sheet uses the same sectional
boundaries as the conventional wing sections forward of it. This line is required
only ifJETFLG = 0.

IJTYPE Type Number of Each Jet Section. Input the type number of each sec-
tion of the wing with respect to the presence of a jet sheet aft of it. Since
there is no requirement that the jet sheet span the entire wing, sections
without a jet are designated with a "0". Similar to line 5, the wing section
type line, as each section within the jet sheet is encountered, it either re-
ceives a sequentially higher IJTYPE of the same IJTYPE as a previously
labeled equivalent section. The iiumber of different jet section types is
NJTYPE. The zeroes do not count as IJTYPE's for the purpose of
summing types to find NJTYPE. The number of non-zero values input
is NROWSJ, the number of sections having a jet. The maximum num-
ber of jet section types is 10. Implied also is that NJTYPE must be less
than, or equal to, NROWSJ. NROWS values are required.
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NOTE: Due to a computational procedure, there must be at least three
adjacent jet sections if there is one. Also, inboard or outboard of a
partial span jet sheet, a group of at least three unblown sections must
exist.

Number of Chordwise Jet Elements - This line contains the number of chordwise
EVD elements for each jet section type. It is similar to line 6, number of chordwise
wing elements per section type, except that. NJTYPE values must be input. Re-
quired only ifJETFLG=0.

NI Number of Chordwise EVD Elements for Each Jet Section Type. Enter,
in ascending order by IJTYPE, the number of elements within that
IJTYPE. There may be as few as two or as many as ten elements for
each jet section type. NJTYPE (the number of different jet section
types) values are required.

J Jet Chordwise Element Coordinates - These lines contain the x,'c coordinates of each
element of each jet section type. NJTYPE sets lines are required, each with NI
values of x c. These values are required only ifJETFLG=0.

XBJ Chordwise Coordinate of Each per IJTYPE. The chordwise coordinate
of each EVD vortex point, measured from the leading edge of the sec-
tion (at centerline) and normalized by the sectional chord. Thefirst value
for XBW of each set must be 1.0 (trailing edge). The last two base ele-
ments in the jet section are overlapped by the Far-Jet (or Jet, or Infinity)
EVD which has a length of 1010, approximating infinity. Therefore, there
is no proactical maximum coordinate for elements within the jet. There
may be as few as two or as many as ten values per jet section type.
NJTYPE (the number of different jet section types) lines of values are
required.

Fundamental Case Control Line - This line identifies the types of linear geometric
variations to be included in each fundamental case. The number of fundamental
cases input must be one less than NCASES (line 3), to allow for the angel of attack
case. A separate line is required for each of the input cases. In each of the flags
below, a zero value indicates omission of the respective type of input for that fun-
damental case. A non-zero value indicates that the variation will be included and
input must be given to define it. JETFLAPIN sets the non-zero value to corre-
spond with the number of the fundamental case, i.e., for fundamental case number
two. variations to be included will be indicated with a "2". For each variation se-
lected, a corresponding line will follow containing the information defining that
variation. NOTE: Refs.7 and 8 use the same names shown below, however, in the
program listing fo- JETFLAP under subroutine INCASE they are refered to re-
spectively as INPUTT, INPUTH, INPUTD, INPUTC, and INPUTB.

INTWST Spanswise twist distribution flag.

INHITE Leading edge vertical displacement flag.

INDELJ Jet deflection flag.

INCAMB Camber flag.

INBETA Wing hinge deflection flag.
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Fundamental Geometric Variation Lines - These lines are input only in the appro-
priate flags in the fundamental case control line has been set to a non-zero value.

TWIST Sectional Wing Twist. Enter the wing twist, in degrees, at the section
centerline, with respect to the wing reference plane. Positive values are
in the same sense as a positive angle of attack (leading edge up).
NROWS values are required. Required only it INTWST - 0.

HO Displacement coordinate of the section leading edge from the wing ref-
erence plane, normalized by the sectional chord. Leading edge displace-
ment may be the result of dihedral, twist, nonlinear movement of a
leading edge device, etc. Translation resulting from ordinary linear
leading and trailing flap deflections and angle of attack are accounted for
automatically by the program. These values are used only for the
computaion of the jet thrust contribution to pitching moments and
therefore will have no effect unless jet sheets exist. NROWS values are
required. Required only it INHITE #0 0.

DJ Jet Turning Angle. The jet turning angle, in degrees, relative to the
trailing edge. Positive deflection is downward. NOTE: JETFLAPIN
requires that the values are input in the order that they are encountered
within the jet sheet, working from the right wing tip towards the
centerline. NROWSJ values are required. Required only it INDELJ :
0.

ICT Camber Type Number for Each Wing Section. These values are similar
to the wing section type values on line 5. In order for two sections to
have the same ICT, the number of elements, their x.'c, and the camber
angle associated with them must be the same. NROWS must be input
with a maximum of 10 ICT's allowed. The highest value is NCT and
there may be no "gaps" in the numbering sequence. A zero value indi-
cates no camber. Required only it INCAMB #6 0.

AC Camber Angle. The camber angle, in degrees, at eh downwash control
point of each EVD. The downwash control point is defined as a point
chosen hall\av between adjacent XBW's (line 7) including the trailing
edge. The angle wi' be positive in the same sense as positive angle of
attack. NCT lines are required. Required only it INCAMB * 0.

ACTE Trailing Edge Camber Angle. This is the trailing edge deflection angle
due to camber only. The values are used for determining the angle at
which the jet sheet issues from the wing. These cards are, therefore, only
necessary if there is camber (INCAMB # 0) and if there is a jet sheet
(JETFLG # 0). NROWSJ values are required.

IHT Hinge Section Type. Similar in concept to Wing Type (ICTYPE) and
Camber Type (ICT); starting with the first section, designate the type
of section with respect to hinges in the section. A section with no hinges
will be "0". For sections to have the same IHT they must be alike in
their number of hinges, not to exceed four, location of hinges (x,'c), their
type (leading or trailing edge flap) and in all deflections. There may be
as many different IHT's as there are sections. The number of different
IHT's is called NHT, and there may be no "gaps- in the sequence.
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NROWS values are required. therefore every section must be -typed".
Required only it INBETA 0 0.

XBH Hinge Point Distance. The distance from the leading edge of the section
to the hinge point, i.e., where the hinge line intersects the section
centerline, the distance is normalized by the sectional chord and must
be one of the XBW values entered on line 7. A set of values is required
for each hinge section type; NHT sets.

ILT Leading or Trailing Edge Indicator.

= - 0, Trailing edge flap hinge (positive deflection in the sense of posi-
tive angle of attack).

0 , 0, Leading edge flap hinge (positive deflection in the sense of neg-
ative angle of attack).

BETA Hinge Deflection Angle. The deflection angle, in degrees, of the element
aft of the hinge point relative to the element forward of the hinge point.

Composite Case Lines - These lines indicate how the fundamental cases that are
input on lines 12 and 13 are to be combined to form or model the wing under study.
A maximum of 24 composite cases are permitted. No composite case may also be
chosen and JETFLAPIN will automatically place a "9" in the first column of this
line.

N Fundamental Cases to be Included. Indicate the fundamental case
number which is to be included in forming a given composite case. As
many as ten fundamental cases may be combined in any one composite
case. The fundamental cases are identified in the order in which they
were input. NOTE: Recall that fundamental case number I is the one
degree angle of attack case.

A Multiplicative Factor. This factor multiplies the fundamental case pre-
viously input. Had the fundamental case included a hinge deflection of
10 degrees. a value of A = 1.6 would introduce a flap deflection of 16
degrees into that particulat composite case.

9 End of Composite Cases. This value is placed at the end of the last
composite case or by itself to indicate the completion of composite case
information or that no composite cases are desired, respectively. NOTE:
This "9" card is not conditional, it will be in every run.

* Jet Strength Line(s) - These lines contain the jet strength for all sections which
have a jet. An unlimited number of sets of values, maximum of 40 per set, may
be entered. NROWSJ values are required. Required only it JETFLG = 0.

CMU Sectional Jet Momentum Strength for each jet row. CMU is defined as
CMU = J;(qc(y)), where J is the sectional jet momentum per unit span,
q is the dynamic pressure, and c(y) is the sectional chord. Since the data
refers to only sections with jets, 0.0 may not be input unless all are 0.0.
As many sets of CMU data may be input as desired. To run a case on
a jet-flapped wing to examine the characteristics without the jet, a set
of values all equal to zero must be entered. This option generates a
complete set of loadings and other aerodynamic coefficients for each set
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of CMU data input. (0.0:5. CML < 800.0) Required only it JETFLG
w-0.

9 A "9' is placed in column one of the line foilouing all CMU data to
signal the end of CMU input. Handled automatically by JETFLAP!N.
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Input Restrictions
A sunmmary of the input restrictions described in References 7 and 8 is listed below.

These have been incorporated into the error-checking and screen messages provided in

the JETFLAPIN progr:nm and are repeated here as a quick reference during data prep-

aration.

1. A "Rule of Three" is implied with regard to dividing the ",ing (and jet sheet) into
sections. At least three adjacent sections of either blown or unblown types are re-
quired. A jet cannot consist of one or two sections. Likewise, if the region of jet
sheet is partial span and located so that it is bordered on both inboard and out-
board sides by conventional (unblown) wing, those unblown portions of the wing
must also have three adjacent sections each.

2. The number of spanwise sections, NROWS, requires 3 < NROWS <40.

3. 1 < NCASES < 10. There is always one Fundamental Case generated by the pro-
gram. Nine others may be input.

4. The number of chordwise elements in the wing part of a section, NI. requires
2<NI<2u.

5. The number of chordwise elements in the jet part of a section, NI, requires
2<NI< 20.

6. Maximum of 10 section types for the wing or the jet. (ICTYPE, IJTYPE < 10).

7. On the wing. 0.0 < XBW < 1.0.

8. On the jet, 1.0 < XBJ.

9. Only NROWSJ, the number of rows with jets, values required for DJ, ACTE, and
CMU.

10. Maximum number of camber section types is 10.

11. There may be as many hinge section types, NHT, as there are rows (or sections).
(1< NHT < NROWS)

12. Each section may have four hinges in any combination of leading and trailing edge
flaps.

13. The jet blowing coefficient, CMU, is restricted to, 0.0 5 CMU < 800.0.

Formulation of the Input Data

The most difficult and time-consuming part of the wing analysis using the JETFLAP and

JETFLAPIN programs is the decomposition of the wing into elements and obtaining the

coordinates of those elements. There is hope that follow-on work will be conducted to

integrate the sophisticated graphics capabilities of the MicroVAX,'2000 with the data

input portion of the JETFLAP program, however, for the present, the following me-

thodical approach to the problem is recommended.
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A table such as that shown in Ref. 8, p. 117, will help the user organize the required
data. Starting at the beginning of the problem, the user is urged to follow the steps be-

low:

1. Make or obtain a scaled drawing of the wing with all flaps and other details drawn
on the planform. The scaling is often important in obtaining geometrical data that
is often not presented explicitly.

2. If possible, create equations for the leading and trailing edges. For example, if the
edge is a straight line, substitute tip and root dimensions into the Two-Point Form
of the equation fo a straight line. Such an equation will facilitate the finding of
leading trailing edge coordinates once spanwise section centerline coordinates have
been established.

3. Draw in spanwise sections taking into account obvious areas of rapidly changing
loading (wing tips, near flaps) and rapid changes in sectional chord. It is important
to define sections near breaks in the wing, such as leading edge extensions. other-
wise the program. seeing only the wing edge coordinates, might read that portion
of the leading edge as a relatively flat segment of a multisegment tapered wing.

4. Make two columns, entering sections. starting with I at the wing tip, in column one
and the section centerline coordinates (normalized by the semi-span) in column
two.

5. Draw in chordwise elements for each section. It is more expedient to strive for the
same distribution on each section, if possible, unless camber discontinuities (flaps.
rapid changes in mean camber ine slope) dictate otherwise.

6. Enter the coordinates of the vortex points, normalized by the sectional chord, on
each line next ot the appropriate section. NOTE. One of these coordinates must
coincide with the point where the section centerline intersects a flap hinge line, if
included. Circle or otherwise mark such coordinates for future identification.

7. Proceeding down the rows of coordinates. any two rows with a different number
of values or different values, are of different section types. In ascending order, label
in another column each row with its type. The maximum number of types is 10
and the highest type defined is called NWTYPE.

8. At the end of each row write the total number of chordwise elements in that row.
Circle the numbers that correspond with different types.

9. In another column, list leading and trailing edge coordinates by substituting (Y)
values into the leading and trailing edge equations, if available. NOTE. Only those
edge coordinates which mark wing root, tip and breaks need be calculated, if the
edges are straight line segments.

10. Looking back over the completed table, the data for several of the input data file
lines are readily available. Column numbers refer to columns in Table I.

a. Col. 2 is line 4.

b. Col. 3 is line 5.

c. Cois. 4-12 contain data for line(s) 7.

d. Col. 13 (circled entries) is line 6.
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e. Cols. 2, 14, and 15, in that order constitute line 8a.

In addition. the last row number in Col. 1 is NROWS (Cols. 1-2 on line 3). The

total of Col. 13 entries is the total number of EVD's, which is limited to 600. More de-

tails may be found in Ref. S.

Sample Problem

A sample session will illustrate the use of the JETFLAP and JETFLAPIN programs.

The run can be accomplished using one of the sample data output files provided at the

end of this appendix. It is recommended that one of the simpler data files, such as

TAPER.DAT or VOYAGR.DAT, be used to respond to the questions asked by the

JETFLAPIN program. This method will allow the user to try out the program and get

familiar with the questions asked, prior to going through the effort involved in formu-

lating the data for a new problem.

Starting the Program

Begin with the screen showing the DCL prompt, which looks like this.
S

Next, ensure that the program is in your directory by typing

D I R [Return]

and viewing the files for JETFLAP.EXE, JETFLAP.OBJ., JETFLAPIN.EXE and

JETFLAPIN.OBJ.

If only the JETFLAP.FOR and JETFLAPIN.FOR files exist, you must compile the

programs by typing,

FOR JETFLAP [Return), and if necessary,
FOR JETFLAPIN [Return]

The next step is to link the programs by entering,

LINK JETFLAP [Return] , and again if necessary,

LINK JETFLAPIN [Return]

The files JETFLAP.EXE, JETFLAP.OBJ., JETFLAPIN.EXE and JETFLAPIN.OBJ

will now exist and you will be able to run the programs.
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Running the Program

To run the program, type

JETFLAPIN [Return]

The program will start and the screen will display the header for the interactive program.
Using one of the sample data files for the correct values and this appendix to assist you
with the terminology, answer each question presented. As you proceed through the
JETFLAPIN program, opportunities to review and change input data will be presented.
Should it become necessary to change your input data after completing the JETFLAPIN
program, you can simply edit the created data file using the VAX EDT editor.

After the JETFLAPIN input program has been run to completion, the file will you cre-
ated will exist on your directory with the file extension .DAT. This file should be re-
viewed and compared with the sample file used as a reference. If everything is in order,
you should run your data file through the JETFLAP wing analysis program.

The JETFLAP wing analysis program will ask you for the file name of the input data

file. It is not necessary to enter the file extension .DAT, but you may do so without any
ill effects. The program then asks if you wish to have the output sent to the screen or
to a file. If you send the data to a file, the program runs faster and you will have the
opportunity to review and print out the data. Sending the data to the screen is a quick
way to see if the program is executing properly, but there is no permanent record of the
run. At this time, .the program is not able to print to both the screen and a file. The
program is finished whc¢i the DCL (S) prompt returns to the screen.

Several sample input data files, the results of those files after being run through

JETFLAP and the listings for the JETFLAP and JETFLAPIN programs are on the
following pages.
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JETFLAP INPUT DATA FILE VOYTEST.DAT

THIS IS A TEST OF THE INPUT PROGRAM JT77IN USING VOYAGER DATA
59040.0000 1332.0000 0.0000 13.5000 0.0000
16 2 0 0 1 1 0 0
0.998498 0.989489 0.959459 0.891892 0.792793 0,684685 0.576577 0.468468
0.400901 0.373874 0.355856 0.346847 0.324324 0.261261 0.162162 0.054054
1 1 1 11 1 1 1 111 1 1 11
7
0.000000 0.074100 0.222200 0.370400 0.592600 0.740700 0.888900
0.998498 13.000000 36.099998
0.989489 11.900000 36.400002
0.959459 11.200000 37.200001
0.891892 10.000000 39.099998
0.792793 8.300000 41.900002
0.684685 6.300000 44.900002
0.576577 4.500000 47.900002
0.468468 2.300000 51.000000
0.400901 0.800000 52.599998
0.373874 0.400000 53.400002
0.355856 0.100000 53.799999
0.346847 0.000000 54.000000
0.324324 0.000000 54.000000
0.261261 0.000000 54.000000
0.162162 0.000000 54.000000
0.054054 0.000000 54.000000

9
00020
1 1 1 1 1 1 1 1 1 1 1 1 1 11

-12.355000 -9.560000 -4.899000 0.764000 5.042000 7.969000 5.412000
9
9
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ORIGINAL JETFLAP INPUT DATA FILE VOYAGR.DAT (S. M. WHITE)

VOYAGER WING FLAT PLATE AND CAMBERED CASES; 16X7 = 112 ELEMENTS
59040.0 1332.0 0.0 13.5
1601000001010000
.998498 .989489 .959459 .891892 .792793 .684685 .576577 .468468
.400901 .373874 .355856 .346847 .324324 .261261 .162162 .054054
01010101010101010101010101010101
07
0.0 .0741 .2222 .3704 .5926 .7407 .8889
.998498 13.0 36.1
.989489 11.9 36.4
.959459 11.2 37.2
.891892 10.0 39.1
.792793 8.3 41.9
.684685 6.3 44.9
.576577 4.5 47.9
.468468 2.3 51.0
.400901 0.8 52.6
.373874 0.4 53.4
.355856 0.1 53.8
.346847 0.0 54.0
•324324 0.0 54.0
.261261 0.0 54.0
.162162 0.0 54.0
.054054 0.0 54.0
9
00000005
01010101010101010101010101010101
-12.355 -9.560 -4.899 0.764 5.042 7.969 5.412
9
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PROGRAM OUTPUT DATA FOR VOYTEST.DAT

* EVOJET WIN COMPUTER 'ROGRM 14

VOYAGER WING FLAT PLATE AND CAMBERED CASES; 16X7 - 112 ELEMENTS

USED INPUT
AREA 1 0.13106 S9040.000000
SPAN * 2.000000 31S2.000000
CREF S 0.06976S 0.000000
XMC * 0.0:0270 13.500000

CMAC * 0.069765 4664i3470
ARATIO * 30.0512'4 30.0S1:2:

XCO 0.000000 0.000000

*ROWS 16 16
NCASES 1 1
ISYMN= 0 0
IPRINT * 0 0
JeTFLG I I 1
IGTYPE I 0 1
tHINGE * 0 0

NUMBER OF WING ELEME TS a 112

NUMBER OF JET ELEMENTS . 0
TOTAL NUMBER OF ELEMENTS * 112

SELEMENT GEOMETRY DATA AND FUNDAMENTAL CASE DATA FOR FUNDAMENTAL CASE I *

Ssm 0EcT~CN 1 # V * 0.9~946 DELTA * 0.001S02 XLEAD - 0.019520 XTRAIL - 0.054204 CHORD - 0.03460S TANLE - 0.1633S3
WING ELEMENTS NW . 7 TWIST - 0.000000 HL - 0.000000 THETA S - 0.000000

X3 0.00000 0.07(100 0.2:200 0.370400 0.52600 0.740700 0.888900
x, 0.019S:0 0.0z20. I 0.o^7:2: 0.0:2!u7 0.040074 0.045210 0.0S0!$1
DEL 0.074100 0.149:0. 0.10.000 0.:2,:CC 0.1'6100 0.148:00 0.111100
";5 1.000000 1.00000 .000000 1.000000 1.000000 1.000000 1.000000

BE
T
A 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

TYPE 20 10 10 10 10 10 10
THIS ROW HAS NO JET

... SECTION 2 ... V 0.9890489 DELTA - 0.007b07 XLEAD - 0.017866 XTRAIL - 0.0546SS CHORD * 0.06786? TANLE = 0.10S33
W:NG ELEMENTS NW . 7 TWIST - 0.000000 ML - 0.000000 THETA S - 0.000000

XB 0.000000 0.074100 0.222200 0.!79400 0.502600 0.740700 0.888900
XT 0.017868 0.020594 0.026042 0.03149f 0.039668 0.04S116 0.050566

DEL 0.07e,00 0.10100 0.10:00 0.22:200 0.14100 0.148200 0.111100
EPS 1.000000 1.000000 1.000000 1.000000 1.000000 1.000070 1.0000CC

BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000TypE 20 10 10 10 10 10 10
THIS ROW MAZ NO JET

.. SECTION 1 . V . QI0S?4S9 DELTA - 0.0:2S25 XLEAD . 0.016617 XTRAIL - 0.0S3856 CHORD * 0.039039 TANLE * 0.026667
NNG ELEMENTS NW . 7 TWIST - 0.000000 ML - 0.000000 THETA S = 0.000000

X0 0.000000 0.076100 0.222200 0.370400 0.SO2600 0.7e0700 0.688900
X! 0.016817 0.019710 0.0:5401 0.031:77 0.03

9
951 0.045733 0.051519

DEL 0.074100 0.148100 0.14800 0. 2=200 0 0 0.1498200 0.111100
E' 1.000000 1.00 1.00.000 10.00 0 1.000000 1.00000 1.000000 1.000000

BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 10 10 10 10 10

THIS ROW MAS NO JET
... SECTION 4 ... Y - 0.891892 DELTA - 0.045044 XLEAD * 0.0S0S XTRAIL - 0.058709 CHDRD - 0.043694 TANLE - 0.026212
WING ELEMENTS NW - 7 TWIST x 0.000000 ML a 0.000000 THETA S - 0.000000

X8 0.000000 0.074100 0.222200 0.70400 0.S92600 0.740700 0.880900
XI 0.0;501S 0.01853 0 0.024724 0.031199 0.040 08 0.07379 0.050854

DEL 0.074100 0.148100 0.14e200 0.,22200 0.148100 0.148200 0.111100
EPS 1.020000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
BETA 0.000000 0.000000 0.000000 0.000030 0.000000 0.000000 0.000000
TYPE 20 10 10 10 10 10 10

THIS ROW HAS NO JET
... SECTION S -- Y - 0.792791 DELTA . 0.0940SS XLEAD . 0.012462 XTRAIL - 0.062913 CHORD S.0504S0 TANLE * 0.02S7S8
WING ELEMENTS NW z 7 TWIST - 0.000000 ML - 0.000000 THETA S - 0.000000

X8 0.0C0000 0.076100 0.2-2200 0.170400 0.S92600 0.740700 0.888C 0
xI 0.012462 0.016201 0.020673 0.001149 0.042359 0.049811 0.057308

DEL 0.074100 0.18100 0.1480C 0.:2200 0.148a01 0. 6200 0.11"100
EPS 1.00000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 10 10 0 00 10

THIS Rqu HAS NO JET
.. SECTION 6 "-m Y - 0.68468S DELTA = 0.054033 XLEAD - 0.009409 XTRAIL - 0.067417 CHORD * 0.05795S TANLE * 0.02S000

WING ELEMENTS NW . 7 TWIST - 0.00000 HL - c.000000 THETA S - 0.000000
X3 0.000000 0.074100 0.222200 0.370400 0.S92600 0.740700 0.80900
X1 0.009459 0.013754 0.0 8 0.03097 0.0408cs 0.0S239 0.060978

DEL 0.07410O 0.!481^0 0.148:00 0.22:00 0 1'100 0.148200 0.121100
EPS 1.000000 1.000000 1.000000 1.o00000 1.00oo00 1.000000 1.000000

BETA 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000 0.000000
TYPE 20 10 0 10 0 10 10

THIS ROW HAS NO JET
ROO SECTION 7 U** V 0.S76577 DELTA . 0.0540SS XLEAD . 0.006757 XTRAIL a 0.071922 CHORD * 0.06S1S TAILE * 0.027770
WING ELEMENTS NW . TWIST - 0.000000 ML - 0.000000 TMETA S - 0.000000

xv 0.000000 0.074100 0.222200 0.370400 0.S92600 0.740700 6.48900
XI 0.0067? 0.011SS 0.021.36 0.03069% 0.04S374 0.055025 0.064662

DEL 0.074100 0.141100 0.146200 0.2:2200 0.146100 0.168200 0.111100
EDS 1.000000 1.00000 1.0 1 000 1 .800000 1.0000

BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000
TYPE 20 10 10 10 10 10 10

THIS ROW HAS NO JET
*No SECTION 6 -*- V - 0.464468 DELTA - 0.04054 XLEAD - 0.00353 XTRAIL a 0.078577 CHORD - 0.073123 TANLE - 0.031944
WINO ELEMENTS M * 7 TWIST - 0.000000 ML - 0.000000 THETA S - 0.000000

xv 0.000000 0.074100 0.222200 0.370400 0.392600 0.740700 0.68900
01 0.000SA3 0.009872 0.019701 0.01053 0.046786 0.0S7616 0.06842

DEL 0.074100 01900 0.149200 0.222200 0.14*00 0.146200 0.111100
Do 1.000000 1.000000 1.000000 1.000000 1.000000 ,000000 1.000000

BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Type 20 10 10 10 10 10 10

THIS ROW NAS NO JET
Uwe SECTION 9 6 V m 0.400901 DELTA - 0.013S15 ULEAD * 0.001201 XTRAIL a 0.076979 CHORD * 0.077776 TAWLE s 0.027776
WING ELEMENTS NW . 7 TWIST * 0.000000 ML * 0.000000 THETA S - 0.000000

X9 0.000000 0.874200 0.22200 0.370400 0.$92600 6,780700 0.66660
0.00101 0.00696S 0.013463 0.010010 0.047292 0.0SO611 0.07033*

DEL 0.074100 0.146100 0.169200 0.222200 0.149100 0.148200 0.111100
Eb$ 1.100000 1.000000 1.000000 1.000000 1.000008 1.000000 1.000000
IETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 10 10 10 10 10
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THIS ROW HAS NO JET
*.. SECTION 10 ... V . 0.573874 'EL1A - 0.013524 XLEAD 0 0.000601 XTRAZL - 0.090130 04R,,0 0.079530 TANLE * 0.025611
zNG ELEMENTS NW a 7 T:Sl - 0.000000 HI. - 0.000000 THETA S * 0.000000

XB 0.00000 0.074100 0.2:2:00 0.370400 0.(9200 0.740700 0.880900
X! 0.000401 0.006497 0.018261 0.030077 0.0677S9 O0S9S4S 0.071039
DEL 0.074100 0.l1401o 0.1'0.00 0.222200 0.148100 0.1osoo 0.11100
EP: 1.000000 1.0000C0 1.000000 3.000000 1.000000 1.000000 1.000000
BETA 0.003000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 10 10 10 10 I0

THIS ROW HAS NO JET
.. SECTION 11 4-- Y . 0.SS8S6 DELTA - 0,004504 XLEAD - 0.000150 NTRAIL - 0.080701 CHORD * 0.000631 TANLE * 0.025000
WING ELEMENTS NW . 7 TWIST . 0.000000 HL . 0.000000 THETA S - 0.000000

xe 0.000000 0.074100 0.22=00 0.370400 o.s9:600 0.740700 0.808900
x1 0.0c0150 0.0061^S 0.019066 0.030016 0.04792: 0.0S9873 0.071823

DEL 0.074100 0.1'8100 0.02.0^0 0.2:2200 0.14 8100 0.148200 0.111100
EPS I.000000 1.000000 1.000C00 1.000000 1.000000 1.000000 1.000000
BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 00 to 10 10 10

THIS ROW HAS NO JET
. SECTION 12 *.. V . 0.46347 DELTA a 0.00450S XLEAD - 0.000000 XTRAIL - 0.001031 CHORD * 0.001031 TANLE S 0.000000

WING ELEMENTS N1 - 7 TWIST a 0.000000 HL a 0.000000 THETA S - 0.000000
X8 0.000000 0.074100 0.2:2200 0.370100 0.S92600 0.740700 0.388900
XI 0.000000 0.006008 0.018016 0.030032 0.010049 0.060057 0.072073
DEL 0.074100 0.148100 0.148200 0.-22200 0.11100 0.148200 0.111100
EPs 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000

BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 10 10 it 10 10

THI ROW HAS NO JET
a-- SECTION 1- %-- V . 0.324324 DELTA - 0.013011 XLEAD - 0.000000 XTRAIL - 0.031031 CHORD 0 0.031081 TANLE * 0.000000
WING ELEMENTS NW * 7 TWIST . 0.000000 HL - 0.000000 THETA S - 0.000000

x3 0.000000 0.074100 0.222200 0.370400 0.592600 0.740700 0.808900
xi 0.000000 0.006008 0.013016 0.030032 0.040049 0.0600S7 0.072070
DEL 0.074100 0.148100 0.140200 0.222200 0.148100 0 0.111100
EPS 1.000000 1.000000 1.0 10000 1.000000 1.1100000 1000000

BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 10 10 10 10 10

THIS ROW HAS NO JET
** SECTION 14 *- V - 0.261261 DELTA 0 0.04504S XLEAD - 0.000000 XTRAIL - 0.0B1001 CHORD * 0.081001 TAKEA * 0.000000
WING ELEMENTS NW - 7 TWIST 8 0.000000 HL - 0.000000 THETA S - 0.000000

X8 0.000000 0.074100 0.222200 0.370400 0.S92600 0.740700 0.888900
X" 0.000000 0.00800C 0.018016 0.030002 0.04809 0.06007 0.07U00
CEL 0.076100 0.16100 0.148200 0..2,000 0.10900 0.14800 0.111100
EPS 1.0c0000 1.Ooco 1.000000 1.00000 1.000000 1.000000 1.000000

BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 10 10 10 10 10

THIS ROW HASS NO JET
S." SEC-ION 15 ... Y - 0.16216: DELTA . 0.054054 XLEAD . 0.000000 XTRAIL - 0.081001 CHORD * 0.0 8101 TANLE * 0.000000

WING ELEMENTS NW 7 TWIST - 0.000000 "L 1 0.000000 THETA S - 0.000000
x3 0.000000 0.074100 0.22200 0.740 0.S92600 0.740700 0.888900
x1 0.000o0 0.006008 0.0I8016 0.03C032 0.048069 0.060057 0.072073
DEL 0.074130 0.148100 0.148200 0.:22200 0.11100 0.148200 0.111100
ES 1.000000 1.0oooo00 1.000000 1.000000 1.000000 1.000000 1.000000

BETA C.000430 0.003000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 t0 10 10 10 10 10

THIS RO. HA' NO JET
... SECTION 16 .*. Y - 0.054054 DELTA - 0.0S4056 XLEAD . 0.000000 XTRAIL - 0.081081 CHORD 0 0.031031 TANLE * 0.000000
WING ELEMENTS NN - 7 TWIST - 0.000000 HI. 0.000000 THETA S . 0.000000

x8 0.003000 0.074100 0.2:2200 0.370400 0.592600 0.740700 0.880900
XI 0.000000 0.006008 0.010016 0.0Z002 0.068049 0.060057 0.07200
DEL 0.07100 0.118100 0.148:00 0.2.::00 0.168100 0.168200 0.11110o
ES 1.000.000 1.000000 0 .00000 1.000000 1.000000

3ETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 10 10 10 10 30

THIS ROW HAS NO JET
..R N* 0.. 000.... 00....

*SECTONAL JET $LOWING COEFFICIENTS

ROW CPU
1 0.000000
2 0.000000
3 0.000000
4 0.000000
5 0.000000
6 0.000000
7 0.000o00
a 0.000000
9 0.001000

10 0.000000
11 0.0010000
12 0.00000.
is 0.000000
14 0.000000
is 0.000010
16 0.000000

EC"T ION 1m V .9 8 COD * 0.18
I X2 CASE 1 CASE 2 CASE S CASE ' CASE S CASE 6 CASE 7 CASE 9 CASE 9 CASE 10

WING
1 0.000000 0.206017 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.01100 0.002604 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
3 0.22200 0.013S9 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
6 0.370400 0.00S 0.000000 0 000000 0.000000 0. 0 0.0000 0000000 0.000000 0.000000 0.0000000

0.092600 0.0,0500 0.000000 .0000 0.000000 0000000 00000 0 .000000
6 0.780900 0.0067Sz 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000007 0.830900 0.01075 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING ROW LOADING
1 0.014020 0.29616S
2 0.029660 0.395265
3 0.044160 0.144467
6 0.089280 0.10976s
S 0.074100 0.032606

*S..PP.P..P....PumgP...... ****.***P*..******.****
* CHOROISgE LOADING FOR ALL PWNDAM NTAtL CASES$ *

SECTION 2 Y * 0.939A09 CHORD * 0.036 37
1 X5l CASE I CASE 2 CASE S CASE 4 CASE 5 CASI 6 CASE ? CAW CAS CAE 9 CASE 10

NINO
* 0.000000 0.2S7194 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
9 0.076100 0.150969 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
10 0.222200 0.076417 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
11 0.370600 0.04'6?7 0.000000 0.000000 0.00000 0.000000 0.000000 0.000000 0.00000C 0.000000 0.000000
12 0.192600 0.0945S 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Is 0.740700 0.020609 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1' 0.89900 0.01190 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EV0A LOADING
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0 0.016520 0.37*302
2 0.0:9640 0.262938
3 0.044460 0.209061
4 0.05'980 0.175306
S 0.07(130 0.1S0969

* "CHOptOWOSE LAING ORALL FUNDAMENTAL.. CASES

SECTION S .569 COD*0093
I XE CASE I CASE 2 CASE 3 CASE 6 CASE S CASE 6 CASE 7 CASE 8 CASE 9 CASE 10WING

iS 0.000000 0.3:080 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
04 0.074.10 019 6 0.00000 0.0000 0.00000 0.00000 0.000000 0.000000 0.000000 0.000000
07 0.2::00 0.10889 0.oonloo o.0o0o0 0.0000oo 0.000ooo o.000000 0.000000 0.00 00 0.000000 0.000000
is 0.370400 0.07-N 5 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000C0
1' 0.92600 0.049637 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0 0.0 0 0.000000 0.000000
20 0.74C700 0.0316'? 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
21 0.88900 0.018411 0.000000 0.000300 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
0 0.01480 0.474177

:0.0:9*60 0.330488
3 0.014660 0.261761

0.059280 0.224079
S 0.074100 0.195136

4 HOROWJSE LOADING FOR ALL FUNDAMENTAL CASES

SECTION""* V*0089 CHORD - 0.039
I x3 CASE I CA3E 2 CASE 3 CASE 4' CASE 5 CASE 6 CASE 7 CASE 8 CASE t CASE 10

MING
22 0.000000 0.05117S 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
23 0.074100 0.21S023 0.000000 0.00000 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2. 0.22.:00 0.111796 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
^S 0.3700 0.081501 0.G00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000026 0.S92a 0 0.01565 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000027 0.760700 0.03674 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
20 0.78G00 0.0304 0.000000 0.0D0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
1 0.014820 0.$19i82
2 0.02** 0 0.36253
4 0.054480 0.29c.75

S 0.071'00 0.21S023

* C-OODWISE LOIN FOR. RLUNAENTAL CASES

SECTION 5 V*0779 CHORD *0.005
I X8 CASE 1 CASE .1 CASE 3 CASE 4 CASE 5 CASE 6 CASE 7 CASE 0 CASE 9 CASE 10

WING
2' 0.000000 0.359757 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
30 0.074100 0.:20484 0.00m000 0.000006 0.000000 0.000000 0.000000 0.000000 0.000000 00000 0.000000
31 0..:2200 0.1178-S 0.000C00 0.0010oc 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
32 0.370400 0.083087 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000COO
33 0.S92600 0.eSe168 0.000000 0.0co00 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000020
'4 0.7e0700 0.027785 0.000000 0.000C00 0.0COOO0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
3S 0.888900 0.02:2.1 0.000000 0.003000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
0.0148:0 0.Sa02:3

2 .029M0 0.371476
3 0.04.60 0.298018
6 0.05280 0.252665
5 0.07410 0.220466

................. ..........000000005fo.0
* CNORD:53 LOA I*LG FOR ALL FUNDAMENTAL CASES *

SECTION 6 V 0 0.b8658 CHCRD * 0.0579S8
I Xv CASE I CASE 2 CASES CASE 4 CASE 5 CASE 6 CASE ? CASE 8 CASE 9 CASE 10

WING
36 0.000000 0.360147 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
37 0.074100 0.2,"07S 0.000000 0.000 42 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
38 0.2200 0.118077 0.000000 O.COCO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000so 0.:70100 0.086037 0.003000 0.c0010 0.000300 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000
60 0.2:600 0.0s:2t0 0.0^0000 0.00020 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000
e1 0.760700 0.007862 0.000000 0.0030 0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
42 0.888920 0.0.0260 0.000000 0.0:0120 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

.ETA:LED LEADING EDGE LOADING
1 0.0149:0 0.33005
2 0.0:96ec 0.!7189

3 0.04460 0.208058
6 0.05--80 0.25:961
S 0.074100 0.Z20753

* CHOOWOS!L&DI0NG FOR ALL FUNDAMENTAL CASES
00 .0..........- I .000.. H 0000000...00000

SECTION 7 v - 0.576S7? CMOfPD - 0.06S165I XE CASE 1 CASE 2 CASE 3 CASE 4 CASE S CASE 6 CASE 7 CASE S CASE 9 CASE 10
WING

63 0.000000 0.W59147 0.000000 0.000003 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
44 0.0,4100 0.221S 0.000010 0.00c303 0.000003 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
f S 0.2::0 0.11770S 0.000020 0.0 ODOC 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000
46 C..70,00 0.C08761 0.000021 0.000-00 0.002000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000
e7 CS00600 0.0S3107 0.000000 0.000002 0.¢00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
68 0.740700 0.0733 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
69 0.888900 0.02219 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000 0.000000

DETAILED LEADING EVG LOADING
I 0.0 120 0.S30526
2 0.029660 0,1708SS
3 0.066460 0.297S26
4 0.0S9290 0.2S22SS
S 0,076100 0.22013S

0CMOQDWISE LOADING FR ALL FUNDAMENTAL CASES 0

SECIO S V00461468 CHORG - 0.073123
I x1 CASE I CASE 2 CASE 3 CASE 4 CASE S CASE 6 CASE I CASE CASE 9 CASE 10

WING
s0 0.000000 0,3S3019 0.000000 0.000000 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
S1 0.074100 0.160279 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
52 0.222200 0.115SO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
53 0.370400 0.062200 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
54 0.592600 0.0S=032 0.000000 0.000030 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
SS 0.760700 0.036979 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
S6 0.90"900 0.021711 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.005000 0.000000

DETAILED LEADING EDGE LOADING
1 0.016820 0.322436
2 0.029460 0.346487
$ 0.04460 0.212390
4 0.0S9281 0.247871
S 0.076100 0.216278

91



0**C .CRI SlE LOADINO"FO LL F UN MENTAL MCSE

SECTIO-$ 9 1 0 0400901 CHORD - 0.077778
I x CASE I CASE 2 CASE S CASE 4 CASE5 CASE 6 CASE? CASE S CASE 9 CASE 10

.NG
so 0.000000 0.543:45 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
S9 0.074100 0.210106 0.000300 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
9 0.30400 0.0009.8 0.000000 0.000000 0.00a000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000060 0.570400 0.08093 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
61 0.s)600 0.051087 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
62 0.740700 0.03604 0.000000 0.000000 0.000000 0.0 0.000 0.000000 0.000000 0.000000 0.000000
63 0.808000 0.021314 0.000000 0.oooooo O. o0 oo0o 00 ON 0.000000 .. o00,00 0.000000 0.000000

DETAILED LEADING EDGE LOADING
1 0.014820 0.s5Q011
2 0.029640 0.I54480
: 0.044460 0.284422
4 0.050280 0.241100
S 0.074100 0..10506

* CHORD.ISE LOADING FOR ALL FUNDAMENTAL CASES *

SEC I ON 10 y 0.17$874 CHORD 0.079486
I X CASE I CASE 2 CASE S CASE 4 CASE s CASE 6 CASE 7 CASE a CASE 9 CASE 10

MING
64 0.000000 0.345166 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
6S 0.074100 0.2112S4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
66 0.2"2200 0-112075 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
07 0.370400 0.0803.7 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
t0 0.5p:600 0.0S0069 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
69 0.740700 0.034120 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
70 0.088900 0.021182 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING1 0.014820 0.510777
2 0.029640 0.31630S
S 0.044460 0.28S77S
4 0.059280 0.24:210
S 0.074100 0.211284

SNOW ~ .. *f*ttNN .00N.........................
* CNAONIE LADING FOR ALL FUNDAMENTAL CASES

SECTION 111 0 . .5 6 COPD 0.8061
I xv CASE I CASE 2 CASE S CASE f CASE S CASE 6 CASE ? CASE 8 CASE 9 CASE 10

NING
71 0.000000 0.-41790 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
72 0.074100 0.210832 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
73 0..::00 0.013276 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000coo 0.000000 0.000000
74 0.!70400 0.05821 0.000000 0.000000 0.000000 0.0C0000 0.000000 0.000000 0.000000 0.000000 0.000000
7S 0.S42000 0.050C93 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
76 0.740700 0.03C7S 0.000030 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

U70880 .0:1087 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
DETAILED LEADING EDGE L IA NG

I 0.01800 0.S0610S
2 0.029640 0.SS3467
S 0.044C60 0.28Z949
4 0.09290 0.241133
0 0.074100 0.20082

* CMORDWISE LOAING OR ALL FUNDAMENTAL CASES

SECTION 12 Y * .3464 CNORD*0818
I XB CASE I CASE 2 CASE 3 CASIA 4 CASES CASE 6 CASE 7 CASE S CASE S CASE 10

WING
78 0.020000 0.34!00) 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
79 0.074100 0.211159 0.000000 0.001000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00D000 0.000000
80 0.2:=200 0.113!92 0.000000 0.000800 0.00000 0.000000 0 0.000000 0.000900 0.000000 0.000000
01 0.370400 0.0806Z7 0.00000 0..000 D0 0.00 0.0000 00000000 0.000000 0.000000 0.000000
82 0.492600 0.0S0939 0.000000 0.00G300 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
80 0.7'07C^ 0.036122 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
04 0.80900 0.021080 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
1 0.0140:0 0.S07624
2 0.029640 0.154SS7
Z 0.044b0 0.20V706
e 0.0S9280 0.24i*53
S 0.074100 0.211159

O COODIS LODIN FR AL FNDMENALCASES ft

SETO IS V .24 C14ORD *0.081081
I K) CASE I CASE 2 CASES CAIE 4 CASE S CASE 6 CASE ? CASE S CASE 9 CASE it

MING
S 0.000000 0.347787 0.000000 00.000000 0.000000 0.000000
86 0.074100 0.211017 0.000000 0.000000 0.000000.00 0..000000 0.00000 000000 0.000000 0.000000 0.000000
87 0.222200 0.11.86. 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
as 0.370400 0.080002 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
89 0.59:200 0.0S128 0.000^00 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
90 0.7f0700 0.0.6423 0.000020 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000CC 0.000000 0.0000000
91 0.880"00 0.021868 .004000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE L0ADING
O 0.014020 0.114681
2 0.029640 0,359071
3 0.044460 0.200034
4 0.019280 0.24168
S 0.074100 0.21305?

OwCwHO4ODWOSE6LOmADING ;Olt ALL FUNDAMENTAL. CASES

SEC'TION 14 0 - 1.2001 043 .00 co
I M9 CASE I CASE 2 CASE S CASE 4 CASE S CASE 6 CASE 7 CASE 0 CASE 9 CASE 10

MINO
952 0.000000 0.S12101 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
93 0.074100 0.21S7SI 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
94 0...00 0 *11339 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
9s 0.370400 0.00103 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
96 0.092600 0.011964 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
t7 0.740700 0.036962 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
90 0.E88900 0.021724 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADNG EN LOADING
1 0.019020 0.121014
2 0.029640 0.36ISS|
S 0.044460 0.29160
4 0.01S980 0.2472S4
1 0.074100 0.21S7S1

* 040006115 LOADING FORt ALL FI4NTA. CASES W

SECTO 11 V *012162 CHOIRD*0011
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I X9 CASE I CASE 2 CASE 3 CASE 4 CASE S CASE 6 CASE ? CASE S CASE 9 CASE i0WNtN;
99 0.c00000 0.3SS04S 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
100 0.074 00 0.:17604 0.000000 0.000000 0.000000 0.V0000 0.000000 0.000000 0.000000 0.00000 0.000000
01 o.Z:=200 0.110:9i 0.000000 0.000000 0.000000 0.000000 0.000000 0.0COOcO 0.000000 0.000000 0.000000
102 0.370400 0.08:S42 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000
100 0.590600 0.C0s4(5 0.000000 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0c0000
104 0.740700 0.007337 0.000000 0.C00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
10 0.888900 0.Oi9eO 0.000030 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
I 0.014800 0.S00544
2 0.0:640 0.SoO
0 0.0e4ei0 .9Go
e 0.059290 o.04376
5 0.074100 0.217624

:OCHlORDOIISE*LOADING FOR *ALL*FUNDAIENTAICASES e0-

SECTION 16 Y 0045 OOD*0018
I XB CASE I CASE 2 CASE 3 CASE 4 CASES CASE6 CASE ? CASES CASE 9 CASE 10

.NG
106 0.000000 0.36041 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000107 0.074100 0.018407 0.000030 0.000000 0.000000 0.000000 0.000600 0.000000 0.000000 0.000000 0.000000
108 0.22:000 0.116840 0.000000 0.000000 0.00000 0. 000000 0.000000 0.00000 0.000000 0.00000 0.000000
109 0..70400 0.08175 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
110 0.SO:600 0.03073 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
111 0.7e0700 0.037409 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000 c
11: 0.800900 0.000060 0.000000 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
1 0.0140:0 0.S27346
2 0.029640 0.367946
3 0.044460 09S00
4 0.059:90 0.009
5 0.074100 0..184.7

OP'ANWI SELOADING P0 FUNDAMENTAL CASE 1I

.LIFT...... ............. .............................. INDUCED DRAG ................................
SECTION V CIG CLMU CLCD CDO CDMU C D CIU GAMMA ALFIN

1 0.940498 0.059680 0.00C000 0.019602 p 0.0006906 0.0000000 0.000-S89 0.0001437 0.0000000 0.0006882 0.0570168
2 0.9894"89 0.066037 C.000000 0.066037 C 0.0011S06 0.0000000 0.0008SS 0.0000971 0.0000000 0.0010146 0.04S0104

0.95"459 0.CS54S6 0.00000 0.0894S6 N 0.0010613 0.0000000 0.001091 0.000222 0.0000000 0.001761 0.00S9017
4 0.094: 0.099763 0.000000 0.099763 c 0.0017412 0.0000000 0.001094 0.0001460 0.0000000 0.000179S 0.0019680
0 0.797Q 0.!0479 0.00000 0.0479 e 0.0017686 0.0000000 0.0016739 0.0001148 0.000000 0.000$801 0.00106'0
6 0.84685 0.102608 0.000000 0.100600 e 0.0017912 0.0000000 0.001677S 0.0001137 0.0000000 0.000 741 0.0011086
7 0.576S77 0.100000 0.000003 0.100000 e 0.0017850 0.0000000 0.001668: 0.0001177 0.0000000 0.0033.8 0.0013367
8 0.4634.8 0.1004i. 0.000000 0.100461 0 .0017534 0.0000000 0.0016117 0.0001416 0.00C0000 0.0006700 0.00172S9
9 0.4-001 0.090249 0.000000 0.098249 c 0.0017148 0.0000000 0.001S237 0.0001911 0.0000000 0.00$8008 0.00ISSI

10 0.073374 0.098166 0.000000 0.098166 e 0.0017150 0.0000000 0.0OIS408 0.0017- 0.000000 0.001.060 0.00781II 0.001056 0.097946 0.000000 0.09794 e 0.0017090 0 00 1 0.0001986 0.000000 0.0009487 0.0019907
0.3468247 C.00014 0.00000 0.0980Z4 e 0.00171:6 0.0000000 0.0015:16 0.0001910 0.0000000 0.00.9780 0.00611

10 0.00Z40' 0.098970 0.000000 0.098970 e 0.0017274 0.0000000 0.0015643 0.0001601 0.0000000 0.0040101 0.000014
14 0.261^61 0.1002S 0.0G0000 0.1002S0 N 0.0017497 0.0000000 0.0016014 0.000164 0.0000000 0.0040 63 0.0000319
10 0.16060 0.101171 0.000000 0.101171 e 0.0017608 0.0000000 0.0016100 0.0001050 0.000000 0 0 101 0.00178
16 0.054004. 0.101S.2 0.000000 0.0162 0.00177!6 0.0000000 0.0016420 0.0001306 0.0000000 0.0041174 0.0016699

TOTAL. 0.100170 0.000000 0.100170 e 0.0017483 0.0000000 0.0016073 0.0001410 0.0000000 0.0000960
........... PITCNONG MOMENT .............. LIFT CENTER

SECTION Y CMG CMmtj CMT CM . e XCP/C TOLIC1 0.790498 -0.007750 0.000000 0.000000 -0.0077S0 N e 0.190080 0.19000
* 0,9P8549 -0.014751 0.000000 0.000000 -0.014751 1 0.203177 0.0Z377
3 0.9SeS9 -0.001497 0.000010 0.000000 -0.021497 C e 0.260311 0.240311
4 0.80180: -0.024406 0.00000 0.000000 -0.004406 C C 0.24f641 0.244641
0 0.74279! -0.=S1" 0.000000 0.000000 -0.051.40 e 0 0.24S17 0.20.17
6 0.684.8s -0.C000S8 0.000000 0.000003 -0.0:5128 8 5 0.:45399 0.245399
7 0.S76577 -0.02S104 0.000000 0.000000 -0.02104 N e 0.24S50 0.204SS0
8 0.468i -0.00'.6^0 0.000000 0.000000 -0.0246:0 C 0.040070 0.:45070
9 0.40D921 -0.0:4190 0.000000 0.000000 -0.024190 o 0.246010 0.246013
10 0.70874 -0.0:405, 0.000C00 0.000000 -0.0240503 e 0.245026 0.2450:6
1. 0.0S$856 -0.04008 0.000000 0.000000 -0.024058 c N 0.24562S 0.24S60S
1: 0.%,847 -0.0:4084 0.000000 0.000000 -0.004084 e e 0.24S46 0.^4S(46
1 0.0040 -0.0:4:5 0.030300 0.000000 -0.004^S6 e e .C4S004 0..40084
14 0.:061 -0.00-584 0.000000 0.000000 -0.04184 e 0 0.=40S0 0.20225
10 0.16162 -0.004087 0.000000 0.000000 -0.024807 e 0.0'Sz99 0.04S99
16 0.2Sf014 -0.00970 0.00000 0.000000 -0.0.4930 - 0.04464 0.240464

TOTAL -0.0:1169 0.000000 0.000000 -0.031169 (APEX) 0.311161 0.311161 (X/CREF)
-0.0000S 0.000000 0.000000 -0.00.060 (XMC) 0.021708 0.021708 (X/I32)

STOTAL AERODYNAMIC COEPPICOENTS
..... e.....e.c....*.... 0C ...... *

CASE I CASE 2 CASE 3 CASE I CASE S CASE 6 CASE 7 CASE 8 CASE 9 CASE 10
CCLG 0. 100699 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCLJ 0.0000.00 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000.

C CCL 0.1031b99 0.0000000 0.0003000 0.0000C00 0.0000000 0.0000c3 0.0000000 0.0000000 0.0000000 0.0000000
Cc o 0.0o:7'oo 0.0000000 0.00000c0 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.00000c0 0.0000000
CCoJ 0.000300 0.000000 0.000070 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.000t000 0.0000000
^CS 0.oCC07Z 0.00COO;0 0.000VZ0 0.000000 0.000000 0.0000000 0.0000000 0.0000000 0.0000030 0.0000000
Cc: 0.0:31410 0.0130000 0.0000000 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

NC C-.1 0.00:39i0 0.0000000 0.0:00000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
e CcJ 0.0000000 0.000000 0.0000000 0.0100000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

CCMG -0.0511690 0.0000000 0.00C0000 0.0000000 0.0040000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCmJ 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCMT 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CC" -0.03316-0 0.0000Co0 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CXCP 0.3111612 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CXCL 0.3111612 0.0000000 0.0C00000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 c.0000000 0.00000

CXCPB 0.0217081 0.0000000 0.0000000 0.0000000 0.0000000 0.000000 0.0000000 8.0000000 0.0000000 0.0000000COCLO 0.0017081 0.00000006 .00000 0.0000000 0. 0 00000000.000000 0000 000 .0000000 0.0000000 0.00000
C3MC -0.02060 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCMJmC 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0 0000000 00 0 0 0 0 0.0000000CCMTMC 0.0000000 0.0000000 0.0000000 0.0000000 0.0000 0.0000000 0.0000000 a.0000000 0.0000000 0.0000000

c CCMMC -0.0 000000 0.0000000 0.0000000 0.0000000 0.0000000 00000000 00000000 0.0000000
CoLG 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.00000 0.0000000 0.0000000 0.0000000
CLLJ 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

e CL 0.0000000 0.0001000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CNJ 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

C CNIOC 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0,0000000 0.0000000 00008000 0,0000000 0.0000000
C CCV 0.0000000 0,0000000 0,0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.000000 0.000000

CIOR 0.0630904 0.0000000 0.0000000 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
0 CL 0.060904 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
C3.JR 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CeJl 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
COR 0.00906 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CZL 0.0000 00 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

CPMBR 0.04S1S4 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.000000
CP. 0.40163 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
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JETFLAP INPUT DATA FILE DOUGLAS.DAT

* ONR SAMPLE CASE *** RECTANGULAR WING CMU 1 WITH STABILITY DER
4.500 4.500 1.000 0.250 0.250
43000211
0.9750 0.88750 0.68750 0.2750
1 1 2 1
56
0.000 0.100 0.200 0.500 0.900
0.000 0.100 0.200 0.500 0.800 0.900
4.500 0.000 1.000
1111
4
1.000 1.100 1.500 3.000
00100
1.000 1.000 1.000 1.00000001
0010
0. 9000 0 1.000
1 0.00 2 10.00 3 10.00
9
1.000 1.000 1.000 1.000
9
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PROGRAM OUTPUT DATA FOR DOUGLAS.DAT

*... 4...... a..N .N*.'* . 5.... mo

NO ONR SAMPLE CASE -*. *ECTANGOLAR MING CHI)* I WITH STABILITY DER

USED INPUT
AREA 0 .4881S9 4.500000
VPAN * 2.000000 4.300004
CREF a .464444 1.000000
XMC * 0001100 0.050000

CMAC 0.444444 0. 91,10
AMATO 4.100 4.00000

.CG 0 01111 0.210000a

NNDOaS. 4
NCASES. 1 3

IPRONT * 0 0
JETFLG 0
ROTYPE G 2 2
IHONGE. 0 1

NUMKER OF WING ELEMENTS - 21
MUM RER OP JET ELEMENTS *16

TOTAL. NUMBER OP ELEMENTS *37

U *ELEMENT GCOME*T*Y DA TA*AND "FUNDAMENTAL *CASE fDATA %*"FO UN4DAM*E"NAL. CASE* I,*"

SETIN a. 09700 DLA 00000 NED 00000 TRA;L - 0.4844 CHORD *0.441444 TAWLE *0.000000
WIOELEMENTS Mw . S TWIST? - 0.000000 HL*0 000000THETFA S 0.000000

93 0.000000 .100000 0.00000 0.100000 0.900000
90 0:... 30 0.0: 00098,9 0.L22000 0.400000

DEL 00 0. 0.100000 0.00 0 4.00000 0.100000
E0 1.000000 H.u000 .00N 1:.00 1.000000
BETA 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 0 10 to 00 10

.1!T ELEMENTS NJ . A D - 0.s8883 0.1 0.000000 ACTE *0.000000 THETA *1.000000
98 1.000000 1.100000 1.100000 3.000000
xi 0.,444A 0.40888 0.6i6667 1030
DEL 0:...100 0.00 :SO00,0*"0,;0**q*BETA 0.00 000o0 0. 000000 0000 .000

TYPE 10 10 10 00
SECTION 2 *-- V - 0.367S00 DELTA - 0.062100 XLEAD 1 0.0000 XTRAIL *0.41441 CHORD *0.444444 TAMLE *0.000000

wvN!3 ELEMENTS Nw . 5 TWIST 2 0.000000 HI. 0.0000000 THETA S - 0.000000
90 0.000000 0.100000 0.200000 0.100000 0.900000

XI ~ ~ ~ ~ ~ B 0.220220484 00889 . 200 0.100000
DEL 0.1 0003 0 0.1000 0.30000 0.0000 0.100000
EPS 1.0000 0000 10000 1.000000 1.000000
DA 0.000000 0.0000 0000000 0000000 000000

TYPE 00 10 10 h0 10"
JET ELEMENTS NJ . 4 D - 0.8383399 0.J - 0.000000 ACTE 0 .000000 THETA *1.000000

xs 1.000000 1.100000 1.500000 3.000000
XI 0.41444 0.48080i 0.466616 ""
DEL 0.100000 0.100000 1.S00000 ......

BETA 0.000 0.0000 0 .003 a.000000 o aaco
TYPE 00 10 10 H0

0-- SECTION 0 ... V 0.67S00 DELTA - 0.137100 XLEAD - 0.000000 XTRA1L - 0.444444 CHORD 0.444444 TAN.E 0.000000
WING ELEMENTS NN . 4 TWIST - 0.000000 ML - 0.000000 THETA S - 0.000000

xe 0.000000 0.100000 0.200000 0.100000a 0.000000 0.9001000a
90 0.000000 0.0..8444 0.08089 0.220002 0.31111. 0.400000
DEL 0.130000 0.100000 0.50000 0.000000 0.103000 0.100000
003, 1.00000,0 1.000000 1.000000 1.000000 1.000000 0.00000

BETA 0.0C0000 0.000000 0.OOOCOO 0.000000 0000000 0.00000
TYP 00 10 10 10 000

AET ELEMENTS NJ 4 D - 0,808889 DJ - 0.000000 ACT! - 0.000000 THETA 1 .000000
98 1.000000 1.000000 0.100000 0.000000
XI 0.4844411 0.48889 0.6ii6.i .000
DEL. 0.100000 0.800000 I.S00000.aa'.

BETA 0.000000 0.000000 C.000000 0.000000
TYPE 10 00 10 s0

... SECTICN 4 ... V - 0.271000 DELTA - 0.271000 XLEAD - 0.000000 XTRAIL 0.441444 CHORD 0.444444 TANL! 0.000000
WINO ELEMENTS mw . 5 THIST, - 0.000000 ML a0.000000 THETA S e 0.000000

X9 0.000000 0.000000 0.200000 0.300000 0.900000
90 0.000000 0.0444 0.08909 0.202222 0.400000
DEL 0.100000 0.100000 0.3000C0 0.400000 0.100000
epS 1.000000 1.000003 1.000000 0.Cooocc 1.000000

80TA 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 00 10 10 10 10

JET ELEMENTS NJ - 4 D * 0.09999s, tJ - 0.000000 ACTE *0.000000 THETA =1.000000
98 1.1000000 1.100000 1.100000 1.00000
Nil 0.4,4... 0.888889 0.6.667 1:.00000

DEL 0.100000 0.400000 1.100000NR* ......
BETA 0.000000 0.000000 0.000000 0.000000
TYPE 10 10 10 s0

RNSECTION 1 Hof V *0910 DELTA - 0.001000 OILEAD . 0.000000 XTRAIL - 0.444444 CHORD 0.444444 TAmO.E 0.000000
WINO ELEMENTS "m - S TWIST -0.000000 ML - 0.000000 THETA S - 0.000000

NO 0.000000 0.000000 0.200000 0.500000 0.900000
EPS 0.000000 0.000000 0.000 0.000000 0.000000

BEA 0.000000 0.000000 0.00000030 0.000000 0.000000
TYPE 20 10 10 10 10

JET? ELEMENTS N4J - 4 0 - 0.4381889 0J1 1 .000000 ACTE a 0.000000 THETA 1 .000000
9I 1.00000 000000 1.10 000 0.00000

3ETA 1.000000 0.000000 0.00000 0.0 00TYPE 4S 10 to I0
SECTION~ T !a .670 ELTA *0.200 LAD* .0000 XTRAIL * 0.444444 cHORD 0 .444444 TAMA. 0 .000000

93 0.000000 0.100000 0.200000 0.1100000 0.900000
EPS 0.000000 0.000000 0.000000 0.000000 0.000000

BETA 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 210 10 10 10 10

JET ELEDMENTS NJ . 4 0 - 0.18 09 01 1 .0800000 ACTE 9 0.0000 THETA 1 .00000
xg 1.000000 1.100000 1."0000 8.00000BETA 1.000000 0.000000 0.000000 0.000000

TYPE 42 00 i0 s0
**SECTION4 060m V - 0.447S00 DELTA - 0.007500 OILEAD a 0.000000 ITRAIL - 0.44444 CHORD a 4.444444 TAME *0.000000

WIND E..EmNTms NW - 6 TWIST - 0.000000 MI. s 0.000000 TMETA S - 0.000000
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x3 0.000000 0.100000 0.200000 0.B00000 0.800000 0.900000
EpS 0.0000 0.000000 0.000000 0.000000 0.000000 0.000000

BETA 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 t0 10 10 0 10

.ET ELEMENTS NJ a 4 D S 0.860999 DJ - 1.000000 ACTE a 0.000000 THETA - 1.000000
x3 1.000000 1.100000 1.S00000 3.0000C0

BETA 1.000000 0.000000 0.000000 0.000000
TYPE 43 10 10 30

. SECTION 4 a*- V . 0.27S00 DELTA - 0.27S000 XLEAD 0 0.000000 XIRAIL - 0.444444 CHORD . 0.444444 TAN.E = 0.000000
WING ELE49NTS NW - S TWIST - 0.0000"C ML . 0.000000 THETA Z - 0.000000

X9 0.000000 0.100000 0.:00000 O.SO0000 0.900000
E03 0.000000 0.000300 0.00000 0.000000 0.000000
ETVA 0.6000C0 0.000000 0.000000 0.000000 0.00000
TYPE 20 10 00 10 10

JET ELEHENTS NJ a 4 D - 0.8$8689 DJ - 1.000000 ACTE a 0.000000 THETA - 1.000000
XB 1.000000 1.100000 0.S00000 3.000000

BETA 1.000000 0.000000 0.000000 0.000000
TYPE 43 10 10 .0

a *'; ELMN EM'VDT N UNDAMENTAL. CASE DATA FOR FUNDAMENTAL CASE 3

a- SECT ION I ... y a 0.97S000 DELTA - 0.005000 XLEAD . 0.000000 XTRAIL . 0.444444 CHORD . 0.44644 TANLPE 0.000000
IING ELEMENTS NW - S TWIST x 0.000000 HL - 0.000000 THETA S - 0.000000

xB 0.000000 0.100000 0.-00000 0.100000 0.900000
Eps 0.000000 0.000000 0.000000 0.000000 0.000000
BETA 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 0 10 10

JET ELEMENTS NJ - 4 D - 0.88089 DJ - 0.000000 £CT0 - 0.000000 THETA a 0.000000
Xv 1.000000 1.100000 1.500000 3.000000

BETA 0.000000 0.000000 0.000000 0.000000
TYPE 43 10 10 s0

... SECTION 2 -P- Y - 0.07S60 DELTA . 0.062O0 XLEAD - 0.000000 XTRAIL - 0.444444 CHORD . 0.64464 TAMLE * 0.000000
WING ELEMENTS NW - 5 TWIST - 0.000000 HL - 0.000000 THETA S - 0.000000

X9 0.000000 0.100000 0.000000 0.300000 0.900000
EPs 0.000000 0.000000 0.0000C0 0.000000 0.000000
BETA 0.000000 0.000000 0.0000C0 0.000000 0.000000
TYPE 20 0 10 10 10

JET ELEMENTS NJ - 4 D - 0.84809 DJ - 0.000000 ACTE - 0.000000 THETA - 0.000000
Xg 1.000000 1.100000 1.S00000 .000000

ETA 0.000000 0.000000 0.030000 0.000600
TYPE 4 10 10 s0

SECTION S --- V . 0.687SC DELTA - 0.107S00 OXLEAD 0.000000 XTPAIL - 0.444664 CHORD - 0.444646 TANLE * 0.000000
WING ELEMENTs NW - 6 TWIZT - 0.CCOOOO HL . 0.000000 THETA S - 0.000000

XB 0.000000 0.100C0 0.00000 0.50000 0.600000 0.900000
E'0 0.000000 C.00000 0.0C0000 0.00060 0.000000 1.000000
ETA 0.000000 0.000000 0.CC00C 0.000000 0.000000 1.000000
TYPE Z0 10 10 10 0 42

JET ELEMENTS NJ a A a - 0.8809 DJ - 0.000000 ACTE . 0.000000 THETA . 1.000000
X8 1.000000 1.100000 1.500000 0.00000

BETA 0.000000 0.000000 0.000000 0.060000
TYPE 43 10 10 s0

. SECTION 4 ,.. V - 0.27S000 DELTA - 0.27S000 XLEAD . 0.000000 XTRAIL - 0.444444 CHORD - 0.4444 TANLE * 0.000000
WING ELEMENTS NW - S TWIST - 0.0000C0 H - 0.000000 THETA S 0.000000

xB 0.000000 0.100000 0.00000 0.500000 0.900000
EPS 0.000000 0.000000 0.00C000 0.000000 0.000000
ETA 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 to 10 10 10

JET ELEMENTS NJ . 4 D - 0.888080 DJ - 0.000000 ACTE . 0.000000 THETA * 0.000000
Xv 1.000000 1.100300 1.500000 1.000000

BE-A C.C00000 0.000000 0.000030 0.000000
TYPE 43 10 10 30

a ............ ...... ....... V. .. a.

pow CMU
1 1.000000

1.000000
3 1.000000
4 1.000000

:EEENT GECMETRY DATA ANZ PLND4YENTAL CASE DATA FOR FUNDAMENTAL CASE 4

... SECT!CN I *aa V * 0.975000 DELTA * 0.005000 PLEAD * 0.000000 .TYAIL * 0.4;*444 :HORD * 0.44444 TANLE * 0.000000
WINO E.EmENTS MW - 5 TWIT - 0.000003 HL - 0.000000 THETA S - 0.000000

xt 0.000000 0.400000 0.00300 0.50-0c 0.900000
EPS -0.600060 -0.200000 0.1 '- 0.*00000 0.A00000
BETA 0.000000 0.000000 0.000000 0.C00000 0.000000
TYPE 0 00 1O 10 10

JET ELEMENTS NJ - 4 D - 0.99898 DJ - 0.000000 ACTE - 0.000000 THETA - 0.500000
X9 0.000000 1.100000 I.S0000^ 3.000000

BETA 0.000000 0.000000 0.000000 0.000 00
TYPE I o 0 10 so

.. , ECTION 2 4-- V • 0.88500 DELTA - O.o.0SO0 XLEAD - 0.000000 XTRAIL - 0.414444 CHORD - 0.441644 TANLE * 0.000000
WINO ELEMENTS NW . S TWIST 0.000600 R. - 0.n00000 THETA S . 0.000000

X8 C.000000 0.100000 0.000000 0.S00000 0.900000
E03 -0.430000 -0.00000 0.1co 0 0.90S,00 1.400000
LETA 0.00000C 0.000000 0.000000 0.600030 0.006000
TYPE :0 00 10 10 0

jET ELEMENT. NJ a 4 D 1 0.99089? 0. - 0.000000 ACTE . 0.000000 THETA a 1.300000
x3 I.000000 0.100000 1.S00000 3.000000

BETA 0.000000 9.000000 0.000000 0.000000
TYPE 43 00 00 30

-a- SECTION 3 .. Y . 0. "7500 DELTA ! 0.137S00 OLEAD . 0.00000 XTRAIL 0.444644 C4RD - 0.644444 TANLE * 0.000000
WING ELEMENTS NW - 6 TWIST - 0.000000 ML a 0.000000 THETA S 0.000000

x3 0.000000 0.100000 0.^00000 0.500000 0.800000 0.900000
EPS -0.400000 -0.200000 0.190q99 0.800000 1.199999 1.400000

BETA 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 20 10 10 10 10 42

JET ELEMENTS NJ a 4 0 - 0.888689 DJ a 0.000000 ACTE - 0.000000 THETA a I.S00000
xv 1,000000 1.100000 1.500000 3.000000

IETA 0.000000 0.000000 0.100800 0.000000
TYPE 43 00 00 30

* SECTION 4 oa Y a 0.275000 DELTA - 0.0I5000 XLEAD a 0.000000 XTRAIL - 0.444444 CHORD a 0.444444 TANLE a 0.000000
WING ELEMENTS N a £ TWIST * 0.000000 ML * 0.000000 THETA S - 0.000000

x0 0.000000 0.100000 0.200000 0.500000 0.900000
EPS -0.400000 -0.200000 0.19999 0.900000 1.40000
BETA 0.000000 0.000000 0.000000 0.0C0000 0.00000
TYPE 20 t0 10 10 10

JET ELEMENTS NJ . 4 0 . 0.889889 DJ a 0.000000 ACTE a 0.000080 THETA 1 .500000
03 1.000000 1.100000 0.S0000 3.000000

BETA 0.000000 0.000000 0.000000 0.000000
TYPE 45 10 10 30

*aaaan ... .a.... a ..... aa~apaaaaaaa
a CPOORDWISE LOADING FOR ALL FUNDAMENTAL CASES a

SECT I ON I - 0.97000 CHORD - 0.444444
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I x CASE I CASE CASE I CASE CASE S CAM 6 CA 7E CASE CASE 9 CASE 10

0 0.000000 0.129S70 0.01S.31 0.C00761 0.0"61913 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000
S0.10000 0.0i2479 C.0096.? C.00-S 9 0.041600 0.000000 0.000000 0.00300 0.000000 0.0c0000 0.0oot

O 0.0oOo C.0!ti:l! 0.007:70 C.C0.l24 0.04:=6 0.000000 0.00000 0.000000 0.000000 0.0c0000 0.ocv:"
4 0.S0CO00 0.00t.s7 0.C06733 0.001680 0.0440 0.000000 0.000000 0.000000 0.000000 0.00000 0.0U0c0
S 0.900000 0.0077i 0.O010'.9 0.00S00, 0.053778 0.000000 0.000000 0.000000 0.000000 0.00000 0.00to00

JET
22 1.000000 0.001107 3.019976 0.003649 0.0!974: 0.000000 0.000000 0.000000 0.000000 0.000000 0.00^00
3 1.100000 C.000. 0.009185 0.00040Z 0.0083S9 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000C
Z4 z.S000 0.00. 0 0.001:47 0.000S98 0.0c0077 0.000000 0.000000 0.000000 0.00"00 0.000000 0.000000
25 3.000000 0.00020C 0.000111 0.0C=e 0.000..1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADI!. EDGE LOADING
1 0.0:200 0.108 7, 0.0:2600 0.01008! 0.0477:2
2 0.0400:0 0.127C.8 0.015844 0.007135 0.039SS
S 0.060000 0.09717S 0.012795 0.00S032 0.0584.0
4 0.080000 0.07705 0.010050 0.0001S 0.039619
1 0.100000 0.062479 0.00627 0.004S09 0.041"00

* CORDW ISE LOINO FOR AIT*P4MET0. AE
. .. WH ......... ...... %a..%d .... 4.0 ......*W

SECTON 2 V - 0.337100 CHORD0 - 0.4444-
1 X9 C4AS I CASE 2 CASE 5 CASE 4 CASE 1 CASE 6 CASE 7 CASE 9 CASE 9 CASE 10

6 0.000000 0.1800 0.024132 0.0107S0 0.01S754 0.000000 0.00000.00 0.000000 0.000000 0.000000 0.000000
i 0.100000 0.10743 0.0170ae 0.008019 0.%G6s96 0.000000 0.000000 0.00000 0.000000 0.000000 0.000000

0000 0.04 6 a.0130.6 0.0044o9 0.067674 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.200000 0.0o164 0.002062 0.007999 0.0701S 0.000000 0.00000 0.000000 0.000000 0.000000 0.000100

10 0.900000 0.010979 0.0273t2 0.011415 O.OSIO1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

26 1.000000 0.00077 0.071215 0.006004 0.010624 0.00000 1000 0.0000 0.000000 0.000000 0.000000
27 1.100000 0.00S499 0.0136:6 0.004877 0.0 411 0.000000 0.00000 0.00000 0.000000 0.0000 0.0000
:0 1.S000o0 0.001676 0.001000 0.0009S9 0.003273 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
.9 3.00000 0.000237 0.000SS 0.000032 0.000S69 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
1 0.0:0000 0.27367 0.036045 0.016196 0.09072
2 0.040000 0.139277 0.02S879 0.01673 0.072112
3 0.060000 0.1S00S 0.01596 0.009764 0.067293
4 0.080000 0. 105340 0.010300 0.008694 0.046906
S 0.0C000 0.107413 0.0173?4 0.008019 0.003s10

ONCRD ISE LOADING P08 ALL PUNDAMENTAL CASES *

SECTIN5 V.0.70 CHCRO - 0.4444
1 x3 CASE 0 CASE 0 CASE 3 CASE 4 CASE 5 CASE 6 CASE 7 CASE 0 CASE 9 CASE 10

11 0.000000 0.2!0760 0.0!4606 0.014448 0.091805 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
12 0.100000 0.140897 0.025131 0.011107 0.09S908 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
13 0.000C3 0.095894 0.020 .0 0.0o:e 0.09017 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000C0
1' 0.500"0 0.0440'0 0.018778 0.01:411 0.092SS 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
IS 0.30300 0.001S47 0.0279I 0.030334 0.07.030 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
16 0.900000 C.020O17 0.065131 0.005626 0.060236 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

JET
30 1.000020 0.013614 0.076331 0.0:6293 0.0391 0.400000 0.000000 0.000000 0.000000 0.000000 0.000000
31 1.100001 0.000:38 0.09171 0.01134 0.01003 0.000000 0.000000 0.000000 0.00000 o.00C0 0.0ooo0
32 1.100000 0.002674 0.00:923 0.001171 0.00470S 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
$3 3.00000 0.000248 0.00017f 0.000040 0.00044: 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
0 0.000000 0.341403 0.0S:102 0.000!:i 0.14.840
0 0.04000 0.:3C.'S 0.037313 0.07!S7 0.110679
3 0.0600^0 0.190841 0.031040 0.002$0 0.09$S1
4 0.030000 0.16164C 0.0274.6 0.01116S 0.09cf6s
5 0.100000 0.1408f7 0.02SIC2 0.0111-7 0.09%!09

* CD0OA ISE LOADING FOR ALL FYNDANENTAL CASES .
.......... .... *.. v...a*

SECIO 4 V 0.7s000 CHORD - 0.44444
1 X3 CASE I CASE 2 CASE 3 CASt 4 CASE CASE 6 CASE 7 CASE 3 CASE 9 CASE 10

MING
17 0.000000 0.261.97 0.0443!9 0.011430 0.121So1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
10 0.100000 0.062281 0.03:006 0.0079.0 0.11714, 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000010 0.10003 0.10503 0.0046 0.000803 .1 0.106510 0 0.000000 000 0.000000 0.000000 0.0 00 0.00000
:0 0.100000 0.014230 0.00:370 0.004:53 0.101691 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
21 0.90000D0 0.0:s$06 0.036868 0.0029:3 0.071027 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

JET
56 1.000C0 0.0170243 0.07201 0.0000?4 0.04661S 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000
01 .100¢00 0.01068i 0.020S64 0.00,440 0.0:060 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
36 0.S0¢020 0.03S314 0.00U578 0.000644 0.00S9?0 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000
S7 3.000000 0.00040S 0.000020 0.003081 0.000S22 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
I 0.027c0 0.387.1s 0.06406 0.017100 0.1034,0
0 0.04;C20 0.0?C664 0.047716 0.012172 0.142193

0.040000 0.:171;2 0.039v09 0.01000 0.1.6094
0.080o00 0.185:6 0.035006 0.000767 0.09492

5 r "100 0.162060 0.0.S006 0.007930 0.017140

O SANI4ISE LOADING PO FUN9DAMENTAL CASE I

..K 6....... LIFT .......... .............................. INDUCED DRAG ........................
SECTION v CLG CL" CL COG C.U cS Cc Cmu GA &'

I 0.97S000 0.034034 0.0174S1 0.041707 * 0.000S04 0.0001S11 0.000 930 0.00041 1.0000000 0.003:349 0.04307312 0.087S00 0.0S6136 0.0174S3 0.074569 * 0.0009906 0.0001S$ 0.0006001 0.000104 1.0000000 0.0004.1 0.0210081
3 0.637S00 0.076014 0.0174S3 0.093467 0 0.001307 O.0001123 0.0000294 0.0001496 1.0000000 0.005260 0.0120724
4 0.07S000 0.039166 0.0178S$ 0.107019 0.001S612 O.001$ 0.0011916 0.000S29 1.0000000 0.021 62 0.0041120

TOTAL 0.07390 0.01741$ 0.0964S6 a 0.0013771 0.0001S21 0.0010010 6.900S20, 0.9999999 0.000S049
........... PITCHING MOMENT .............. LIFT CENTER ...

SECTION v CR0 CRU CH? O , 3Cp C XCLIC
1 0.97S000 -0.07440 -0 0174S3 0.017413 -0.007640 * 0.22834 0.404S7
2 0.8S00 -0.019400 -0.0174S 0.0174S -0.01,420 a s.2 s? 0.409 s4
3 0.667S00 -0.0194S -0.037413 0.01741 -0.019413 * S 0.01S912 0.3043174 0.27S00 -0.003.30 -0.0173 .0174 -0.0as851 5 S 0. 66070 0.S1761

TOt. -0.02016 -0.017S$ 0.0174S -0.000Si6 (APEX) 0.260017 0.39401S (X/CRE)
-0.000790 -0.015090 0.013090 -0.000790 (XNC) 0.11SS61 0.17SISS (X/9/2)

S 9$*P4Z' LOADZIN FOR FUNOAMENTAL CASE 2 *

LIF.............. .................................0 13 DRAG...............................
SECTION vCm C CoG 0D11 CS Co CNU SAM"A ALVIN

1 0.97S000 0.013256 0.0174S3 0.so0iO * 0.0000000 0.0001S2 0.0000040 0.0001403 1.0000000 0.0044420 0.0^SS8
2 0.36500 0.0:2s$ 0.01743 0.0330 * 0.0000000 6.0000123 0.0000102 0.0100421 1.0000000 8.0064194 0.012290
$ 0.437S00 0.00445 0.017413 0.04S$99 * 0.0000000 0.0001S23 0.06002010 0.000113 1.0000000 0.00096106 0.00S7630
4 0.27S000 0.013S27 0.01741S 0.00"0 * 0.0000000 0.0001123 0.0000543 0.0001100 1.0000000 0.0103S22 0.0022041

TOTAL 0.020S94 0.007413 0.047047 * 0.0000000 0.0000123 0.0000260 0.0000262 0.9999999 0.0001067
........... PITCHING M NENT .............. LIFT CENTER.

SECTION V c*G CM.u CRT . XCP/C xCL/C
I 0.97S000 -0.007314 -0.017453 0.000000 -0.020S0 5 8 0.190993 0.823444
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2 0.667500 -0.012082 -0.017453 0.000000 -^2.29131 6308255s7 0.761099
£ O.t87,503 -0.0150*1 -0.01745.0 0.000000 -0.012615 N .533000 0.73560
4 0.275000 -0.017047 -0.0174.S! 0.0.0000 -0.034520Q .* o.saoo' 0.677125S

TOTAL -0.015458-0075 0.000200-oo:i (APEX) .Z. 0. 9995' o .4 OX/CPUr)
-0.008.59 -0.010-090 0.010030 -0.021149 CXocI 0.23214e8 0.310906 (K/3/21

..... ........ OR.. NNNN..N.NN.N....

..c ... LIFT ...... ......... INDUCED DRAG................ ..
SECTION V CO CLMJ CL * COO Cbm eS CODM AM LI

0.9500 .0481 0.00o0000 0.041 'O' 0.0000000. 0.001000 0.000 ooooo 0oooooos 0050637
2 .6750 .0910 o.o0003 o oo:ro 0 o 0ooo .^~o o0 oooo 0.oooo 2 1.00000 0.0026027 O0014'

3o 0.675' 0.250 0075 .0496 0.oO11o11 So1ooais:o3 o:oooCoo. o0:'-6 1.000000 0:00.6122 00108774
4 .275000 0.0054S19 0.000I000 0.0354919 * 0:0 00000 00 0000 o 000ooon _O.00000.2S 1000000 0.00 14931 0.009_407

TOTAL 0.011115 0.004s00 0.015911 - 0.000069 0.0000419 0.OOO0 f 00000662 0.9999999 0.0000705
........PITCHING MOMENT ....... LFT CEE

SECTION V CMG CMU CMT N1 XCP/C XCL/C'
1 0.975000 -0.002.'50 0.000000 0.000000 -0.002210 a 0.467717 0.40777
2 0.667500 -0.004613 0.000000 o.oooc: -0.004613 aa 0.499647 0.499847
3 0.687500 -0.0162.10 -0.017451 0.001741 -0.031944 0 f .62424 0.6028B.-
4 O.275000 -0019 0.000000, 0.000000 -0.0018921 a 049165 0.349161

TOTL -.0619. 0.0480 000080 -0010515 (APEX) 0.557331 0.69083S (X/CREF)
-0.000141. -0.001.00o 0.0004180 -0.006536 (XMCI 0.247704 0.307038 (X/8/2)

IS.E .... N.......
..... SFNSSELAIG.FOR.FUMDAMENTAL .CAS-E,.4

SN ~ ~ ~ . . ....NN !.N*WSNSNh .. SN....

.. F........ ......... INDUCED DRAG..........................
SECTION V L CLMU CL N COG . ComW CS CD CMI AMA ALI

I 0.975000 0.040381 o.0:.16o 0.066561 * 0.0003015 0.0003127 0.0000147 0.0006335 1.0000000 0.0102512I 0.0514081
2 0.667500 0.065122. 0.0216160 0.091302 0.000460S 0.0003427 0.0000562 0.000,550 1.0000000 0.0165145 0.0278609
3 0. t87500 0.086605 0.0:619C 0.112765 0.0005723 0.0003427 0.0001472 0.000767s 1.0000ooo o.o:20219 0.01412^38
4 0.275O00 0.100914 0.026160 0.1.^7094 N 0.0006011 0.000427? 0.0002fl0 0.00071621 Z.0000000 0.0257749 0.0069673

TOTAL 0.089478-07.026160 -0.115656- * .0O006 0.0003427 0.0001901 0.0007311 0.9999999 0.0007Z06
.......... PITCHING MO0MENT ......... LIFT CENTER

SECTION V * CtO CMHmU CHT CM N lP/C NCL/C*
1 0.9750o 00 -0018667 -0.02.160 0.0000000 -0.044847 *N 04622e0 0.73778

- 088700 0.0405 -012680 0.000000 0.015534 * 0450760 0606249
0 0.607500 -07713 -0.0 6181 0.000000 -0.061693 . 0.435465 0.166507
4. 0.275000 -0.DebI6 0.0210 0.000C00 -0.066796 N .2f9 .S41296

TOA 0.042-0.02.181 0.000000 -04064S92 (APEX) 0 -.9:93 0.S0475 IX/CREFI
-0.01.313 -v.019601 0.000000 -0.035676 (XMC) 0.1'0797 0 (X4211 1:)

L IFT COEFFICIENT DERIVATIVE DUE TO PITCHING ABOUT KeG. CLO N 0.089"72
PITCINGMOMNT OEFICINT ERIVATIVE ABOUT ORIGIN DUE TO PITCHING ABOUT IOCG. CMO s -0.038412

FOTCH1NSG MOM4ENT COEFF DER:VATZVE ABOUT KMC DUE TO PITCHING ABOUT IWO. CMCMlC . -0.016043

CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6 CASE 7 CASE 6 CASE 9 CASE 10
CCLG 0.07802 0.02954 0 .011111 0894784 0.0000000 0.0000000 0.0 0000 0.0000 0.000000 0.000 00
CCL) 0.01745.? 0.0174103 0.000796 0..26'19 0.0000000 0.0000000 0.0000000 0.0000000 0.0000100 0.0000000

NW CC.. 0.0960558 0.0470c474 0.0159148 0.1156583 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0030000
CCOG 0.0010771 0.0:000030 0.1000269 0.0005785 0.0000000 0.0000000 0.0000JD.CO000 0.0000000 .041000 0.0 00
CCCJ 0.0001123 0.0001123 0.00004.19 0.0003427 0.00300000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCsZ 0.02101:0 0.0103261 0.0000t2s 0.000,-11 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
C:D 0.0005281 0.0001262 0.00006,i2 0.0007311 0.0000000 0.000000 0.0000000 0.0000000 0.0000000 0.060000

Cr:T2- 0.1000049 0.0011167 0.0000785 0.0007206 0.00100010 0.0000000 0.0400000 0.0000000 o.Cooooo o.oOoooTo
5--1 0.9099?-9 0.999.-o9 0.904909- 0.9999999 0.0000000 0.00001000 0.0000000 0.0000030 0.0000200 0.00000~
CC3s -0.02^5;60 -0.0154100 -0.00jj1'.9 -0.0084124l 0.0000000 0.0000000 0.0000000 0.0001000 0.00100 0.010000
CCMJ -00753-.140 00496-.6:799 0.000000 0.0000000 0.0000000 0.0000000 0.0000230 0.000030
CC^MT 0.017e5.13 0.0000220O 0.00080 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCM -0.0205S161 -0.0029111s -0.0105145 -0.064192.3 0.0000000 0.0000000 0.0000000 0.0000000 0.0000010 0.0000000

CXCP 0.2603171 03224 0.157,0345 0.42924.^8 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
C XCL. 0.3040500 0.6?9506 0.60054S 0.5584753 0.00000030 0.0000000 0.0000000 0.0000000 0.0000010 0.0000000

COCCEB 0.1155*31 0.20:1477 0.477041 01917967 00003 .0000 .0000 .000000 0.0000000 0.000007
CXCLB 0.1751346 0.3109008 0:.30700,79 .223 0.0110001 0.00000 0..00 0.000000 00000000 0.000000O

CCN$'"C -0.0007914 -0.0080194 -0.010461i -0.0160428 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000002
CCmJNc -0.01.0000 -0.010900 -0.0035097 -0.019.50 0.0000000 0.0000000 OODO~ 0.0000000 0.0000000ooo 0.0000000
CcM7..C.0.0320 0.1300000G 0.O02430 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCM~c. -0.1^2079^6 -0.021149?4 -0.cOtv508 -0.00567,78 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CLSG 0.0.2020 0.001000 0.00 0.0 01300 0.000 0000o 0.00 0000 0.0000000 0.0000000 0.0000000 0.000 0000.OOOO
CLLJ 0.0-210000 0.00000 0.0001010O 0.0000000 0.0000000 0.0003000 0.0000000 0.0000000 0.0000000 0.0000000
C LL 0.000020 0.00000 0.000000 0.00000 0.000000 0.0100000 0000000 00000 .0000000 0.0000300

C~.j .000021 020101 0000120 0.0000 0.0000 0000 0000 00000 0.0000000 0.0000CO.G3CN CNI"Coo 0.0000003^ 0.0002000 0.100003o 0.000000 0.00010 .00000 0.000 00 0000 0.0000 0000 O3
N I-C 0.0000000 0.0003010 0.0000001 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000010

COR 0.000227 0.0104640 0.00.7120 0.0408000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CFGL 0. 335C27 0.01034640 0.00*7120l 0.0408300 0.0000000 0.0000000 0.0000010 0.000000o 0.000010 0.0000000
CFGS 0.000266Z 0.0087266O 0.006721 6.0100910 0.00100000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
C34L 0.0057266 0.0087:6, .00' 0.0110900 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.G200000o
CER 0.044!444.o:o 0.00 0.132139 0.0539200 0.000000 0.0000"00 0.0000000 0.3000000 0.0000000 0.100C00O
CSu 0.1-e44540 0.02^21-06 0.0100119 0.0S19200 0.0000000 0.0000.00 0.0000000 0.0000000 0.0000001 0.0000000

COM-BR 0.4o,:1422 0.471i644 0.6290910 0.4%.2109 0.0000000 0.00000 0.02100000 0.0000000 0.0000000 0.0000000
CPME. 0.4620Z4:2 0.

4 7
1.64

4  
0.6290-10 0.4662=29 0.000000o 0.0000000 0.0000000 0.0000000 0.0000000 0.00000100
:*C CMCDWISE LODN O OPSTE CASE I

FUNDAMENTAL CASE FACTORS
A(l) A(2) A(3) A(4*) A(S) A(6) At?) A(S A(91 At10)

0.000000 10.000000 10.0010000 0. 0 00000 0 .000000 0.000000 0.000000 0.000000 6.000000 0.4000000
000 NOTE .-- EACH LEADING EDGE CO VALUE IS TH4E AVERAGE VALUE OF THE SINGULAR DISTRIBUTION

DO NOT PLOT THESE LOADING POINTS DIRECTLY
SECt*.ON 1 V N 0.971000 CHORD *0.444444

MING
KB 0.0 0 0.00000 0.200000 0.100000 0.900000

COIAsOI 0:2192 0.14I1.0 0.108940 0.110106 0.21111s
CPIA.1) 0.129170 0.062479 0.036103 0.016367 0.007476

JET
KU 1.000000 1.100000 1.100000 3.6000000

CPCANO) 0.626244 0.111611 0.018450 0.000071
CFIAsII 0.005167 0.000301 0.0010:03 0.000202

SECTION 2 Y - 0.667500 CHORD N 0.444444
MINO

Xl 0.000000 6.100000 4.200000 6.100000 0.900000
CPIA-01 0.!493202 0.211131 0.19S14 0.200600 0.367110
OCANI) 0.161600 0.007403' 0.064700 0.02920s6 0.6121979

JET
03 1.600000 11100000 1.100000 3.000000

CO(A-O) 0.79:271 0.20030 0.029491 0.001667
CP(As11 0.009677 0.001496 0.01876 0.000267?

SEI:TION 3 V -0.487100 CHORD N 0.444444
MING

XI 0.000000 0.100000 0.200000 0.100000 0.600000 0.900000
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CPC0 0.a1 0.62287 O.287O07 0.512498' 0.40:148 1.2112604
CP A.11 0 .3076 0.160897 0.00?86 0.044090 0.02S167 0.020G.28
JET

X9 1.000100 1 100000 1.8032.00 3.0009
CPO.0 102.71 .081 .'s 97 0.014

CPCAa2I 0.013414 0 .823 O.c :674 0.000.6
SECTION 4 y a 0.278000 CHORD *0.444444

WING
X9 0.0 00000 . 00000 .000 0.900000

CP(A. 0' 0. -,3 0.!60 .3.e9. 0.370CP(A.1) 0.2p.97 0.116=81 0.10-5:608 0.B542.2 0. 00
JET

X3 1.000900 1.190000 1.00000 3.000000
CPCAaOI 0.825768 0.20 0 .422S 0.03
CPtAftiI 0.011.043 0.01066 0.003852e 0.000603

:**COMPOSITE CA I
0"..t t tf*f _t ... 0%. .*t*t ....
FUNDAMENTAL CASE FACTORS

A111 ACO) A131 A(43 ls A18) 01 All) At8 a I A AllO)
0.00a0a000 10. 0 00000 10.00 0000 0.000000 0. 000000 0. 00000 0.000000 0.0 00000 0. 000000 0 .000000

.K6....LIFT...... .. ......... PITCHING MOMENT .... a... ... LIFT CENTER..
SECTION yCLMIJO CLO a t COGo CMMUO ONTO CO a t CpO/c XCLO/C

CLOA CLMUJA CLA ft * 0GA0 CMMUA CMTA CH6 a XCPA/C XCL0A/C
1 0.975000 0.180673 0.170833 0..388206 aa -0.100846 -0.170833 0.000000 -0.075379 a a 08867 0.7780.8

0.03e:04 0.017453 0.081737 aa -0.007i40 -0.017483 0.017483 -0.007640 aa 0.222834 0.488007
2 0.887800 0.3088:8S 0.174SI3 0.4603S$ ftf -0.166?Se -0.074S833 0.000000 -0.541487 a .868'14 0.710901

0.0861896 0.017453 0.07.16!9 t -0.013420 -0.01768S3 0.017453 -0.013420 a t 0.238887 0.419.:86
3 0.607500 0.8:P889 0.34-066 0.8,86:8 5 0337 -0.549066 0.017488 -0.668890 a .S?990 0.784638

0.0760'.4 0.017453 0.09.1467 fta -0.003 -0.017483 0.017483 -0.019453 a 0.288912 0.3968S?
6 0.078000 0.1999 0.1714833 0.86391-2 a -0.10987 -0.174833 0.000000 -0.36&120 aa 0.486797 0.608612

0.08
9
8a6 0.017'83 0.107019 aa -0.0.23831 -0.017683 0.017683 -0.0:ssz9 ft1 0.26.070 0.39S761

fta---------- --------- --------- --------- --------- -------- -
TOA-.009-.089 0.6.9i.2 -0.216SZ8 -0.222S29 0.000800 -0.4342S$ (APEX) 0.831889 0.6917338

0.078903 0.017483 0.096386 i f -0.0208016 -0.007488 0.0105 -0.0206 tAFEX) 0.:60017 0.394083
fa -0148-0160897 0.004800 -0.276882 (XMC) 0.23639S 0.3099-.7

a t 00100790 30013000 0.013090 -0.000790 (NRC) 0.115863 0.178138
...... A~i..... ....... INDUCED DRAG..............................

SECOO V OG CDLJ .~CDO OAMMAO ALFINO 00 CHU.
CrGX CC,.'K CCI COX
CDGA2 Ct'~u-2 CS42 CDA2 GAMMA" ALP INA

0 0.978000 0.0000000 0.0 1 5:,9 0.3008442 0.0143867 0.0882766 0.306419S 0.98861:3 1.0000000
0.01131S.33 0.00,04b.2 0.000994, 0.o:03820
0.00-5996 0.0001823I 0.000:430 0.000'.877 0.009.-369 0.0430782

- 0.887800 O.00CC,03 0.0*,5:!09 0.019 .0131^.11 0.0988216 0.1378922 0."969 1.0000000
0..S2:-77 0.003064i 0.00.'26S6 0.061180
0.0COG!Iqi 0.0001s2s 0.062 .008306 0.0134614 0.021981

I 0.fi87800 O.C09580 0.0609238S 0.006:134 *0.07i:519 0.1860372 0.06i4044 0.9.137681 1.0000000
0.00-SS43 0.0060?.23 0.0009877 0.0116690
0.001!267 0.0001823 001214 0.0008696 0.0182760 0.0120724

A 0..78000 0OoOOCOOO 0.01S:309 00086286 0.00?8028 0.110480 0.1176480 0.990197S 1.0000000
0.0047973 0.00304e62 0.0080867 0.0067568
0.0035632 0.0001S82! 0.0011916 0.0008209 0.0216792 0.006880

TOTAL 0-.08370 0.027N63 0.0040827 0.0287176 0.0681802 0.971.1823 0.9999999
0.0071854 0.CO0388.39 0.004:190 0.0068502 0.0101437
0.0013771 0.0001S.23 0.0010010 0.0008288 0.0008069

a TOTAIL A-RC0VwA9IOC COEFFICOEiS f

ALPA ALPHA ALPHAaa2
CCLG 0.407063 0.07,8901
CC6J 0.2:8::9 0.02745

a.t CCL 0.6:96:^2 0.096386
CCG 0.00537e40 0.0071886 0.0013771
COS 0.0.277903 0.03389.9 0.0030803
CCS 0.036682 0.004211 0 0.0010010
CcD 0.0:870716 0.00*802 0.0008288s

a.- CDITZ 0.0481802 0.010063.7 0.000804-9
fto Cci 0 .6o9@ft

CCPG -02182 -0.0.^0516
cC3M -0.222829, -0.017683
CCV? 03.080 0.017683
0CM -. 428 -0.020926

CxCP 0.8211889 0.260017
CXCL. 0.697338 0.0194083
08^9 0..6!98 0.118863
CXCLS 0.309*27 0.178138t

CCM30!C -0.116788 -0.000790
CCmMZ -0.160 -0.01300
CCMVC- O.oeg0't: 0.013090

aft CCmmC -0.Vties.2 -0.0007?0
CLLO, 0.000000 0.000300
CLLJ 0.000000 0.000000

" CLL 0.00;032 0.000000
CNJi 0.30010

"t CNZ"C 0.000320 0.000000 0.000000
ft Ccv 0.003203 0.*O00C 0.000000
CzaR 0.:01740 0.008323

MR5 0.1.10.64 0.08727
C3JL 0. 20264 0. 008707
CUlt 0.522024 0.044849
C8L 0.3201024 0.040849.

CP)988 0.813457 0.460360.
OPRIL 0.811487 0.462342

:"*TABULTETOA COEFFICIENTS FOR COMPOSITE CASE 3 a

ALPHA CCL CO.af2 COMIMOI CLL C0072 OCT CmI CM COCY
-1.0000 a -08 O98 0.1118131 -0.68948 0.00000 ft .007628 1.0087821 ft .000000 0.0000000 0.0000000
-8.00000 2t -0 01 0.019*443 -0.278V 0.000 00 a -. 0383 1060 f 0.000000 0.000000 .000

-7.00*0000 3 -00488 0.003 001 i 00000 a -00137 1.00184 f .000 0.0000 0.0000
-.000000 a 0:14182.645 0.002609 -0.27O2910 0.0000000 f .00098 09702f .000 .000 .000

-8.000000~~~~~~~ f 0.781 00187-.0904 .0000 t 0006:1.036921'8 0.0000000 80000000 000000080
-60000 024199 0.8933 0:.^716908 .0000000 f 0.012664 10.9731 ft 0000000 00000000 0.0000000
-5.00000 a 8.40887 0.18978 -0210 0.0000000 a 0.01293 0.980750642f .000 .000 .00

-2.000000 a .436910 0.980'0s801 000 a 0.618 0.707 ft 0.00000300 OOOO 0.0000000000
S0.000000 ft 0.1530662 0..879 -0.:7.1002 0.0000000 a 0.000941 0.9964408 f 0.00800000 0.0000000 0.0000000
04.000000 a C0.241960 0.39639l -0.."76901 0.0000000 a 0.04124 0.98417 a 0.0000000 0.0000000 0.0000000
23.000000 a 0.790S7 0.115748-0S 760 0.0000000 vt 0.0129 0.94070 ft 0.0000000 0.0000000 0.0000000
2.000000 a 0.0693346 0.1702306 -0.2784380 0.0000000 a 0.0.61.7S 0.9328087 ft 0.0000000 0.0000000 0.0000000
0.000000 ft 0.96962 0.6.990 -8.27903 0.0000000 a 0.0801908 0.919440 ft 0.0000000 0.0000000 0.0000000

4.000000 ft 1.00SO5048 1.0303.64 -0.00010 0.0000000 a .0832 0.9061687 ft 0.0000000 0.0000000 0.0000000
S.000000 f 1.1114006 1.300 -0.2808042 0.0000000 vt 0.109s8^24 0.9914775 vt 0.0000000 0.0000000 0.0000000
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6.000000 1,2077S60 1.459i744 -0.0891SM4 0.0000000 0.1242206 0.9757794 P . 000000 .0000 000307.0000 P .304i104 1.7007084 -. 00' 00000 P I005 0.0.0000000 .0000 00000 0.00: 0
8.000000 P 1.4004.79 1.1A.100G -0-:931753 0.0000000 0.1586464 0.04153 a 0.0t00000 0.0000000 0.0000000
9.0ocoo - 1.49,0:33 2.4047*5 o00095 .0000000 0.1775761 0.0::58 0 0.0000000 0.0000000 0.0000CCC

10.001000 1 .59.'1797 0.5080014 -0.0847561 0.0000C00 a 0.1971118 0.80:8892 - 0.ooo0ooo 0.0000000 0.000000C
11.ooo0oO 1.6895!s0 0.e5450G8 -0.08554.6 0.0000000 P 0.2178595 0.7021607 P 0.OOOCIOOD 0.0000000 0.00I000
1.1.00000 P .7058906 3.1844045 -0.:86.568 C.0000000 P 0.239il6f 0.7.0052 - 0.0000000 0.0000000 0.00000c0
1.03,00 I.M.460~ S.Se2'.0S -0.-'870:7. 0.0000000 P 0.26',!841 0.7376159 * ooooo 0.0000000 0.0000000

10.0000 * .9780004 3.41'067e -0.287117i C.00C0000 P*.661 .003 P 0*. 000 0.0000000 0.0000000
15.ozc301 :.0749578 4.35054495 -0.2S87079 0.0000000 * 0.109483 0.6090S16 * 0.0000000 0.0000000 0.0000000
17.000000 P .66' .714Z005 -0.28410837 0.00000000 0 03674SS1 0.45460 P 0.0000000 0.0000000 0.0000000
17.0000II * ..̂67660? 5.586ZZ4-.90 0. 000000 P 0.593609 0.60865 P 0.0000000 0.0000000 0.0O0OCOO
18.0000cc 2_.o640:51 S.5$45 -C.:910740 0.003OOD 0-191!149 0.6796041 P o.OoooDOs 0.0000000 0.0000000
10.000000 P .5670.9 6.05.46 -0-2916694 0.0000000 P 0.45'00000 0.579904S 0.0000000 0.0D00000 0.0000000
20.000000 2 .56730 7..0090 -0.092o500 0.0000000 P 0.4000084 0.54919679 0.0000000 0.0000000 0.0000000
21.000000 a 2.653092e 7.0189.S -0.2111.4S2 0.0000000 0 0.51074 03487265 0.0000000 0.0000000 0.0000000
2Z.000000 .741840 7.59613 -0.0954:01 0.0000000 O .5456006 0.454991 P 0.0000000 0.0000000 0.0000000
23.000000 2 .84S0,2 0. "8608S -0.295030 0.0000000 * .S59476 0.4s05090 0.0000000 0.0000000 0.0000000

05010 .356 .3570-.960 .000 .6146 0.40530 * 0.0000000 0.0000000 0.0000000
06..000000 2 .942406 9.807!^83 -0.29580:13 0.0000000P 0.556 03473 P 0.000 00000 00000

70000 P 3.03eS0079 10.Z0320 -0.2-1611 0.000000 0.61736:0 0.31S(.567 P 0.0000000 0.0000000 0.0000000
26.000000 P 3.131471S3 00.07000 -0.0989000' 0.0C00000 * .70596 0.047400 0.0000000 0.0000000 0.0000000
27.000000 3.1-.79 0.(10331 -0o269192 0.0000000 P 0.6764 0.312843 P 0.0000000 0.0000000 0.0000000

30.000000 P 3.5.02951 12.39014770 -0.3006.36 0.0000000 P 0.6009407 0.1960592 P 0.0000000 0.0000000 0.0000000

:* SEC*OND RUN 9C*R *ST"ABLITY VDERIVATIIIVE CASE **

P STBILTY ERIATIV DAA FR F NEWTAL CASE I

ROLLING MOMENT COEFFICIENT DERIVATIVE DUE TO YAWING. CLLR * 0.0001160

YAWING MOMENT COEFFICIENT ABOUT XMC DUE TO YAWING ABOUT XCO. CNIR) MAY KE CALCULATED AS FOLLOWS

CNIR) - CNROR - CNROPRPPO2

WHERE CNR . 0.000001049
CNR2 0.0000000

SIDE FORCE COEFFICIENT DUE TO YAWING. CYCR) MAY BE CALCULATED AS FOLLOWS

CY(R) - CYRNR - CYR2PRPPZ

WHERE CYR 0.000000000
CYR.... ;0.0000 ......

SAILITY DERIVATIVE DATA FOR FUNDAMENTAL CASE P
ONP ..P PPP .......... PP4 P.. P..... PP PPPP PPPPPPPPP

ROLLING MOMENT COEFFICIENT DERIVATIVE DUE TO YAWING. CLLR P 0.0000436

YAWING MOM4ENT COEFFICIENT ABOUT XMC DUE TO YAWING ABOUT XCG. C940R) MAY BE CALCULATED AS FOLLOWS

CN(RI - CNRR . CNR2aO.P2

WMERE CNR P 0.000000034
CNR2 0.0000000

SIDE FORCE COEFFICIENT DUE TO YAWING. CY(R) MAY BE CAL.CULATED AS FOLLOWS

CYIR) - CYRPR *CYR2PR-PO
WHERE CYR * 0.000000000

P STBILIY DRIVAIVEDAT*A FOR1 FUNDAMENTAL CASE S

ROLLING MOMENT COEFFICIENT DERIVATIVE DUE TO YAWdING. CLLR P 0.000544

YAWING MOMENT COEFFICIENT ABOUT XMC DUE TO YAWING ABOUT XCG. CN(R) MAY BE CALCULATED AS FOLLOWS

CNIR) - CNRPR -CNl2R.*RPP

WHERE CNN - -0.000000100
CNmo P 0.0000000

SIDE FORCE COEFF ICIENT DUE TO YAWING, CYIRI MAY BE CALCULATED AS FOLL.OWS

CMR) a CYRWR P CYlRRP2

WMERE CYR * 0.000000000

*SABILITY DERIVATIVE DATA FOR FUNDAMENTAL CASE 4P

ROLLING MOMENT COEFF DERIVATIVE DUE TO ROLLING. CLLP a -0.00449

YAWING MOMENT COEFFICIENT ABOUT XNCOtDt TO ROL.LING, CN(F) MAY BE CALCULAME AS FOLLOWS

CHOP) a CNP2*PO*2

WSltRE CoZ2 a 0.0000000

S1DE FORCE COEFFICIENT DUE TO ROLLING. CYOP I MAY BE CALCULATED AS FOLLOWS

CY P) CYP2"PP2
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064CR CYP .000

...S.A.ILITY DERIVATIVE.DATAFOR COMPOSITE CASE I.,
..... S#*%o UU .... .... . 0 ..... No ..... *UUU

FUNDAMENTAL. CASE FACTORS
AIlI 111 All) A(4) A(S) A(6) AM7 AMS AMO At]*)

0.0 00 000 10.0 0000 Ia. 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

LIFT COEFFICIENT DERIVATIVE DUE TO PITCHING ABOUT XCCO. O - 0.009470
PITCHING MOMENT COEFF ICIENT DERIVATIVE ABOUT ORIGIN DUE TO PITCHING ABOUT XCG. CMO - -0.030412

PITCHING MOMENT COEFF DERIVATIVE ABOL:T XM4C DUE TO PITCHING ABOUT XCD. CMWM a -0.0160.63

ROLLING MONENT COEFF DERIVATIVE DUE TO ROLLING. CLLP * -0.0066949

YAW ING MOMENT COEFF ICIKENT ABOUT MC DUE TO ROLLING * CNIP) W AY BE CALCULATED AS FOLLOWS
CNIP) * OP*P *CNP2tPn.2

WHERE CNP C NPO *CNPAUALPMA
CNPO *-0.0003031
CNPA *-0.0000601
CNP2 * 0.0000000

SIDE FORCE COEFFICIENT DUE TO ROLL.ING- CYOP) MAY BE CALCULATED AS FOLLOWS
CYIP) =CYPP *p CYPZ-Po"2

WHERE DYP CYPO . CVPAtIALPNA
CYPO * 0.0000000
CYPA * 0.0000000
CYFO 0. 0000000

ROLLING MOMENT COEF" DRIVATIVE DUE TO YAWING ABOUT XCS. CLLR MAY BE CALCULATED AS FOLLOWS
CLLR . CLLRO *CLLRAoA*.PMA
WHERE CLLRO * 0.000780s

CLLRA * 0.0001160

YAWING MOMENT COEFFICIENT ABOUT XMC DUE To YAWING ABOUT XCO. CHER) MAY BE CALCULATED AS FOLLOWS
CN(R) - CNR-lR * CNR.Rog.

WHERE1 CNR . CHRO - CNPA-ALPHA - CNRA2mALPHAU .2
pmRo a -0-0000130
CNRA *-0.0000030s

CNRA2 0.0000010
AND CHR2" - CNR.0 CWR0A-ALPmA * CHR2A2%ALPNAM2

CNPtoO 0.0000000
CNqRA * 0.0000000
CNR2A2 0.0000000

SIDE FORCE COEFFICIENT ABOUT XNC DUE TO YAWING ABOUT XCG. CYCRI N4AV BE CALCULATED AS FOLLOWS
CMR) - CYR2UR CROURUU2

WHERE CYR* CYRO * CVRAUAI.PHA *CYRA2UALPHA-02
CYRtO o .000000
CYRA * 0.0000000

CYRA * 0.0000000
AND CYR2 - CYR:0 *CYRO^A'ALPHA * CYR2A2-ALPHA%02

CYR20* 0.0000000
CYR^A * 0.0000000
CYR:A. * .00000

* VAIATON F SABIITYTERMS WI1TH ANGLE OF ATTACKC

ALP11A ClIP ONPO CYP CVP2 CLI.R CmR CN02
-10.0c0000 0.0000679 0.0100000 U' 0.0000000 0.0000000 * -0.00008*0 0.0001278 0.0000000
-9.0OOCOO 0.0001878 0.0000000 U .0000000 0.0000000 U -0.0002712 0.0001038 0.0000000
-8.000030 0.0001277 0.0000000 U 0.0000000 0.0000000 -0.0001043 0.0000824 0.0000000
-7.000000 * 0.0000676 0.0000000U 0.0000000 0.0000000 U -0.000375 0.000063.1 0.0000000
-0.000000 9 0.0000075s 0.0000000 * 0.0000000 0.0000000 U 0.0000794 0.0000460 0.0000000
-5.00)0000* -0.000026. 0.0000000 0.0000000 0.0000000 * 0.0001962 0.0000109 0.0000000
-4.000000 -0.00011:7 0.000000 0.0000000 0.0000000 U 0.0009311 *0000179 0.0000000~
-3.0ocoIo -0.00017:9 0.0000000 0.000000 0.0000000 * 0.00042 9 0.0000070 a0000
-:.00ccoo -0.0002S:9 0.0000000 * 0.0000000 0.0000000 U 0.0005468 -0.0000017 0.0000000
-1.000000 U -0.00oo9'30 0.0000000 0.0000000 0.0000000 * 0.0066$ -0.0000:84 0.0000000
0.02c030 -0.000131 0.00001000U 0.0000000 0.0000000 U 0.0007800 -0.0000130 0.0000000
i.000030 * -0.00041.12 0.0000000 * 0.0000000 0.0000000 U 0.0008973 -0.000015s 0.0000000
:.oooooo -0.0004713 0.0000000 U 0.0000000 0.0000000 U 0.0010162 -0.0000109 0.0000000

x000 -00034 00000 U 00000 0.0000000 U 0.0011310 -0.00001'2 0.0000000
3.0010000 -0.00oss.4 0.0000000 U 0.0000000 00000 U 00149 -. 000 .000
4.0000 0 -0.000.51.s 0.0030100 0.0000000 0.0000000 U 0.0010479 -0.000004 0.0000000
5.0100000* -0.0006536 0.0000000o U .0000000 0.0000000 U 0.001141 -0.0000040 0.0000000
7.000000 U -0.0007708 0.0000000 * 0.0000000 0.000000 0.0014814 0.0000130 0.00000100
0.000000 U -0.00c073 0.0000000 * 0.0000000 0.000000 0.0017100 0.0000110 0.0000000
8.000000 U -0.00083G0 0.000000 co 0.0000000 0.0000000 U 0.0011521 0.0000201 0.0000000
10.000000 U -0.000901 0.0000000 U 0.0000000 0.0000000 U 0.0019439 0.000001 0.0000000
10.000000 * -0.0010914 0.0000000 U 0.0000000 0.000000 co a.0019689 0.0000700 0.0000000
11.000000 U -0.0010142 0.0000000 0.0000000 0.0000000 0 .0oooteo9 0.0001182 0.0000000
14.000000 -0. a010743 0.0000000 U 0.0000000 0.0000000 U 0.002619.6 0.00010"0 0.0000000
1 50 0 0 0 0 0 * -0 0 0 1 .0 6 0 . 0 0 0 :. 000 0 0 0 0 0 0 0 0 0 * 0 .0 0 2 2 9 9s 0 .0 0 0 1 6 92 0 .0 0 0 0 0 0 010.00100 * -0.000147 .000000 U 0.0000000 0.0000000 * 00000 00018 00000

17.000000 U -0.0013714 0.0000000 a 0000000000 000 U .00696 0009* .0000000
18.000000~~ ~~~ a -000 4s 0.000 * 00 00 0000 U2.083 0.061 0.000000
1.030 U -0 .01.400 0.0 000 00 0 U 000000 00000 Uos: 1.000 00004 00000000

000000 .000000 1 0.000 U .0000 0100000 U 0.0317 000318 0S0: 0
1.000000 U -0.0013147 0.0000000 U 0.0000000 0.000000 0.00:600 0.00013752 0.0000000
17.000000 -0.001360 0.00000 U .0000 .0000 0.1oSO I 0.000^6168 a.0000000

230000 0.013'. 000000 U 00000000 a.0000000 cc0.^683 0.0004^604 0.0000
18.000000 - -0.001739 0.00000 co 0.0000000 0.000000 U 00300 .0002 0000000s
19.000000 U -0.0018006 0.000000 U 0.0000000 0.0000000 U 0.0037017 0.000.^994 0.0000000
27.000001 U 0:00 1 s75 0.0000000 0.0000000 0.0000000 U 0.00S9303 0.0006061 0.0000000
21.000000 U -0.030 a.0000000 U .0000000 0000 .00102 0.0702 9.000000

29.000000 UCoc0o6 00000 0.0000000 0.0000000 U 0.0071? 0.074 0.0000000

30.000000 U -0.0020351 0.0000000 U 0.0000000 0.0000000 U 0.0040S0^9 .0002 0.0000000

U HTE POORAM MAS REACMED NORMAL TERtMINATION

UTHE PROGRAM HAS REACMED NORMAL TERMINATION U
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JETFLAP INPUT DATA FILE TAPER.DAT

TAPERED SWEPT WING, AR=8.0, SWEEP ANGLE 45, 1OX10 W/SEMI-CIRCLE SPACING
50.0000 20.000 0.0 10.43 10.43
1001000001020000
.993844 .969372 .921032 .850012 .758062 .647446 .520888 .381504
.232726 .078217
01010101010101010101
10
.0 .024472 .095492 .206107 .345492 .5000 .654508 .793893
.904506 .975528
8.0 45.0 0.45
9
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PROGRAM OUTPUT DATA FOR TAPER.DAT

TAPERED SWEPT WING. AwS .0. SWEEP ANDO.E 45. 301(10 WXSEMI-CORtCLE $PAC"N

USED INPUT
AREA * 0.100000 50.00000
SPAN : .00000 200000
CREP 0.141990 0.000000
Nmc 1:3043000 10.430000

CMAC C ..201794 2.417961
ARATIO 9 .000000 8000

1(00 a 1.0,3000 10.10*00

MCASES :
I SYMM 0 0

tPrtINT .0 0
.DETFLO I 1 I
WOTvPE *2 2
IIIAE a 0

NUMBER OF WINO ELEMENTS - 100
NUMB3ER OP JET ELEMENTS 0

TOTAL WUMB9ER Of EL EM TS : A0

VN WLEENT GEOMETRY DATA AND PUN ANEMTAL CASE DATA FOR FUNDAMENTAL CASE 1
S E ... *A*0.*5 ;0.6NU ... M04..0S....00**.. *WaAO.........H0

05SCIOM aI* V *0.9'IS'4 DELT * .005 LEAD a 1.040960 NTRAIL
0.1a1. CHORD * .156. TANi.E - 1.04i412

MINO ELE14ENTS MW * 10 TWIST . 0.000000 ML - 0.000000 THETA 3 - 0.000000
115 0.000000 00"2 0.0954*2 0.206107 0.305491. 0.500000 ? .454s0 0.193093 0.904100 0.975520*
NO 1.06 1. ?04479^ 1.0558'S 3.07199 1.004900 0.219150 1.142 1.145000 3.827 1.141.00

DEL 0.024e"7. 0.0710:^0 0.110915 0.13953S 0.14500 0.1s4s00 0.Isaias 0.110411 0.0710.0 a.0447.
EPS 1.000000 1.000000 1.001110 1.0000 00 1.000000 1.000000 100 000 1.000000 Z.000000 3.000000
,ETA 0.000900 0.VO00OO 0.000000 0.000000 0.000000 0.000000 0.00O0DOO 0.000000 0.800000 C.000000
TYPE 20 10 R0 101 0 10h 10 10

THIS 0^,W HAS NO JET
0-w SCTION v - a 0.909372 DELTA - 0.010S16 XLEAD - 1.005334 NYPAIL - 1.176115 CORD a 0.16@961 TANLE - 1.067412

WIGELEMEMTS NWI a 10 TWIST *0.00000, ML -D,0.000000 TWETA. S 0.000000
xS 0.000as ..:47 ..'59 0.010 0. 2 0000 0.04500 0.793093 0.904503 0.97ss20e

NI 1.0153H 1.019.173 10.10704 1.0V0SS3 1.070951l 1.09S#24 1.12007 1.1431SS 1.1609' t.17:175
DEL 0.0:44,. 0.0710.10 0 1 1 S 0.159305 0.154500 0.154500 0.19900 0.110615 0.0710210 0.02&72
EPS 000 1.000000 1 000 .000000 1.000000 1.000 VODO IVOO 3.000000 1.000000 1.000000 1.00000 0

BETA 001 0.000000 OQO 0.000000 0.000004 0.0000 U 0.0000 0 .000 0 00 0.000000 0000000 0.00000o
TYPE 20 10 10 10 10 to1 10 10 10

THIS ROW WAS NO JET
a-- SECTION - --- V . 0. 921012 DELTA - 0.030024 XLEAD - 0.96470 NYRAIL - 1.134051 COD . 0.170149 TANLE - 1.04741S
WINO ELEMENTS N 10 TWIST - 0.000000 OIL a 0.000000 THETA S - 0.000000

1(3 0.000000 0.01.6472 0..0 2 0.:06107 0.305492 0.500000 0.6445.0 0.7930'S 0.904503 0.9755.3
NI 0.964702 0.9fi065 0.910949 0.991770 1."1407 1.0469776 1.074066 1 .099732 1.119003 1.13007

DEL 0-0:447: 0.071020 0.110615 0.139001 0.0SC500 0. 154500 0.1899a1 *.110015s 0.011020 0.0244672

0~ :.COO 1000000 1.000000 1.000000 .0000 .0000 3.0000 3.00 0 1.000 .000000

BETA 0.000000 0.000000 0.000000 0.000000 0.00Goo 0.000000 0.000000 0000000 0.000000 0.000000
TYPE 2.0 1* 1o 10 to 30 01010 10

THIS NOW HAS NO JET
Sc ECTION e . .. V . ,.603 DELTA - 0.040994 NLEAD - 0.090314 NTRAIL - 3.073933 CHORD - 0.100010 TAMLE - 1.04741S

WINO, ELEmENTS MW , 10 TWIST - 0.000000 M6 - 0.000000 TMETA L 0.000000
1(3 0.000000 0.0.14472 0 .0"&42 0.204107 0.306492 0.500000 0.64450 0.7930995 0.90o4100 0.975600e
X(1 0.89031f. 0.9f4000 0.907540 0.925159~ 0.953753 0.9012.3 1.01904 1.036000 1.064399 1 .0419

CEL 0.024472 0.071020 0.11061S 01:9185 0.05508 0.354500 0.139335 0.110615 0.0710.'0 0.0.147:
Evs 1.00000C .0 1. 1000 3.:00 000 1 1000 1.000000 1.000000 1.00O0O0 1.000000
ET4 0.000 0000000 0.0000 0.000000 0.00000 0.000 0.00000 0.0000000.000 .000
TYPE 20 10 10 10 10 10 10 10o1 10

THIS ROW HAS NO JET
... SECTICN S ... V 0.71004G2 DELTA - 0.050954 XLEAO a 0.794005 KTRAIL - 0.995042 CHORD * 0.201057 7AMLE - 1.0'7413
WING ELEMENTS N*4 , TWIST - 0.000000 ML - 0.000000 THETA S a 0.000000

1(5 0.0000 00 2 0.01042 0.200107 0.3454921 000001 0.454500 079009 0.904100 0.975528
I'I 0.*41 0.9 5 0032 .I"4 0.93346 0094503 0.925590 SS11 0.5 a2 091546. 0.6901':

DEL 0.0Z447: 0.0712 0.110015 0.1119.8% 0.154500 0.154500 0.139385 0.310415 0.0710.^0 0.02""72
EP 0 1000037 1000000 1.000000 DO. N00000 6 1.0000N0 1.0000C 1000000 1.000000 1.000000 1.000003

DODO 0000 0.000 0000 0.000 .000000 0.000000 0.00000 0000000 0000000 0000000
TYPE 20 10 10 i0 10 t0 10 00 10

ins' SECTION4 0 ... V . 0.447644 DELTA . 0.059642 NLEAD 0 0.678144 XTRAIL - 0.900100 CHORD - 0.2".2036 TAHLE - 1.047414
MING ELEMENTS MN - 10 TWIST - 0.800000 ML - 0.000000 THETA S - 0.0000000

X93 0.000000 0.024.472. S69592 0.206307 0.845492 0.500000 045508 .79193 0.904503 O.975S.0
1 0.470144 0.681577 0.499364a 0.723907 0.75436 0.789102 0.80^3440 0.85S4417 0.970977 0.394716

DE& 0.0:447: 0.0710:0 0.110011 0 .139335 0.1545009 0.114500 0.369385 0.01 0.0"10: 002'?
(P S OC 1.000000 .0 00000 1 1.000*00 1000000 1.00000 1.000000 1.000000 1.000000 1.0o0000

OETA 0.000000 0.000000 0.00000 0.00000 0.000000 0.00m00 0. 00000 0.000000 0.000000 0.000000
TYPE 20 0 10 10 0o 10 10 isI*0ot

THIS R". HAS NO JET
:0039SCTION .. Ve ye 0.520 0 DLTA - 0.340096 XLEAD - 0.54505 XTRAIL

* .7916:4 OI4CRD - 0.24030 TAW4Ee 0070
WINGP ELEMENTS M, 10 TWST - 0.00000 ML - 0.0000*5 TMETA 5.0 0.000001

1(3 0.000000 0.0214472 0.0S692 0.^.06107 0549 0.500009 0.4 450 1.931911 0.904510 0.9765209
N1 0.545115 0.551404 0.549000 6.39: 1 :14 O309 6.004 0749 04095 07029 0750

DEL 0.024472 0.071020C 0.110405 0.o9m 0.550 015450 0.139395 0.11 061 a.071020 0.024467.
fFS 1.000000 1.000000 1.000000 1.000000 10000 .000000 1.00000 1000000 1.000000 1.000000

9ETA 0.000000 0.000000 0000000 .000000 10000 .000000 0.00000 0 .00000 0.000000 0000000 VOO
TYPE 204 1 10 10 10 101 i 1

THIS Raw HAS go JET
,a, SECTION 0 -00 v in 0.30154 DELTA in 0.072400 3..EAO * D.3999W M1A1L - 0.071066C00 1 2~ 0.272473 TA9O.. a 1.047414
"ING ELEMENTS, MN *10 TWIST - 0.0000 1L 6 .000 T~A S a 2.00000

1( .0000 0.024472 0.09IS9 0.2040 03492 0.500000 0.45430 07909 0 500 $.V75520
mI 0.39993 0.404240 0.425402: 0.455751 0 .95730 0.5330219 0.577929 1.635997 0.0464047 0.04390

DE .242 0.071020 0.0015 I.SGSO.0400 01550 0M1 ss0 0.110435 .071020 0.02472
EPS 1.000000 1.000 1.000000 1.0900 1.000 000000 1.000000 1. @0 0 : .00000 1.0000
ETA 0.080 .000000 0.000 00.000080 0.00000 0.000 0.000 0.39000 0 oo .00080 .0000

20 0 0 0 3000 0,10 0 10o $0ases3I
THIS ROW HAS HO JET

**a SECTION 9 s* V . 6.2112726 DELTA - 0.070290 ILEAD a 0.245710 EOIL * s c.441 no a 0.208090 TANIE a 1.047414
Wims ELEMENTS MN'a 10 TWIST a 0.001000 ML - 0.00000 TA * 90.0 00

No 0.000000 0.024472 0a095492 0.20640 05492 0.50000 .01 .9893 9050 0.9731209
10 0.43760 02SI119 0.272474 0.50573 0.5474 0.9S634454 0 .4. 74 I'S I"If 0.557092

EL 0.026672 0.:0710210 0.1001S 0.1115.1111 0 0.5J0 019m6 0110415 10.00 0.0244724
Eps 1.000 .000 1.000000 1.000000 3.000000 1000 1.0000 10000 1.0900 1.000000

0000.000000 0. .000 0.00 a000 V.00000 0.001 @.0000 0.000000 0.000000
2"T 0 10 10 00 HS 00 10 30 10 10
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TH1S ROW WAS NO JET
... SEC'ICN 10 *-- V - 0.0782"? DELTA - 0.078.'19 XLEAD - 0.0019,26 XIRAIL - 0.411919 CHORD . 0.32899'S TANLE - 1.047414.
W04. ELEMENTS NW . 10 TWIST = .000000 HL - 0.000000 THETA S . 0.000000

NB 0.000030 0.44 .0'54!0 0.206107, 0.34 2. 0.100000 0.65S06c 0.7930'S 0.904009 0.9SSOS
XI 0.0219-6 0.040001 0.11S437 0.109939 0.195n3. 0.:(.69:.- C0.97909 a.34390S 0.30e407 0.4038e40

DEL 0.0--e47.- .730 0.110ii5 0.13938S 0.314089 0.14508 0.159385S 0.11061S 0.0710:0 00"
E' .3000 1.0OCOQO 1.000M0 1.000000 1.000000 1.000000 1.000030 1 .000 1.000000 1.0000

BETA 0.COOOO 0.000000 0.000000 0.000000 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000
TYPE 00 10 10 10 10 10 10 10 10 10

THIS ROW HAS0 NO JET

* SECTIONKAL JET BLOWINMG CO*FFOCIENWTS

4. a.*.0M*h*** ... *N**NU

ROW ClMU
0 0.000000
2 0.000000

3 0.000000
4 0.000000
1 0.0000c0
8 0.000000

7 0.000000
* 0.000000

9 0.000000
10 0.000000

* HOOWISE LOADN FOR ALLFLDAMENTAL CASES 0

SECTION I* V = "0.99304'. CHORD - 0.118340
WIN NBX CASE I CASE 1 CASES3 CASE 4 CASE S CASE.6 CASE?7 CASES8 CASE 9 CASE 10

1 0.000000 0.581s731 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
O 0.0447 D.44Ie? 0.00000 0.000000 0.000000 0.000000 0000 0.000 0.000 0 0.00000 0.000

S 0.9140 0010S 0.0000 000000 .00000 .00000 0.00000 0.00000 0.00000 0.0000 00 0000
4 0.095407' 0.Q0019 0.000000 0.000000 0.000000 0.000000 o00000 0.000000 :.00o0 0.0oo a.000000

S O.o's'C7 0.0.^0919 0.000000 0.000000 0.0030000 600C400 0.0030000 0.000000 0.00000 0.000000 0.000000
S 0.500030: 0.011::3 0.C00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000030 0.000000
7 0.654508 0.010,"Z 0.0030000 0.0co000 0.000030 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0 0.79-8-! C.001944 0.003030 0.000300 0.000000 0.000000 0.000000 0.00000 C.000010 0.000000 0.000030
* 0.934538 0.0009:7 0.03c303 Q.cccCOO 0.000000 0.060000 0.000060 0.OOOOCO 0.030005 0.000000 0.000300

23 0.4-155:8 0400486 0.000330D 0.001000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0100000 0.000000
DETAILED LEADING EDGE LOADING

1 .C0084 0.816745
0.00789 0.54:l!:

3 0.01469! 0.4^7101

S 0.0.2447.: 0..^44147
SCORMIS LADNG OR ALL FUkOAENTAL CASES

I xe CASE 1 CAZ~E L CASE 0 CASE 4 CASE S CASE 6 CASE?7 CASE a CASE 9 CASE 10

10 0.000000 0.170113 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
12 0.0:447: 0.!.013. 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.occoOO 0.000000
1s 0.09B'a^_ 0.1:0058 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.030000 0.000000
le4 0.06C7 0.0482 0.000000 0.000000* 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1s 0.3414421 0.0s.1166 0.0Cooo0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.003000C 0.000030
1i 0.503000 0.017851 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
17 0.6545S 0.010013 0.000303 0.000000 0.001000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000030c
is 0.7f'19S 0.005811 0.000000 0.000000 0.000000 0.00M00 0.000000 0.000000 0.000000 0.00000 0.000000
19 0.9ofs08 0.000340 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000
20 0.971528 0.001183 0.000000 0.000000 0.000030 0.000000 0.000000 0.000000 0.000000 0.000000 0.000100

DETAILED LEADING EDGE LOADING
1 0.004591 0.837?4S
0 0.009784 0.177116
3 0.01468: 0.054951

0 ~0-110578 0.377306
S 0.C.2447: 0.SZO0508

P CHRDONIE LOADING FOR ALL FUNAMOENTAL. CASES

SCTION 0 .00: CHORDP 0104
I NB CASEI CASEO 2 ASES3 CASE 6 CASE S CASE 6 CASE?7 CASES9 CASE 9 CASE 10

WING
21 0.030000 0-s.187 0.000000 C.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
:: 01024472: 0.141011 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
:31 o.o.S6901 0.14901 0.030000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.00000
24 0.^06107 0.0841.91 0.003000 0.000000 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
:s 0.34W4: 0.055001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
:6 O.SCO3o ~ooo 00300 0.000000 0.00000.0003 0.cco 000000 0.coa 0 000000 0000000 .00000 0D .00000o
07 0.6.5ce 0.0 10 0.0 S0 0. 03000 0.00003 .000 0.000000 0.000000 0.000000 0.000 ~0 000000
.S 0.7naSl 0.01'07 0.01003 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
.9 0.41C'SO 0.0309': 0.010000 0.000003 0.0000:0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

00 0.9753:3 04.00:o 0.000000 0.032003 0.00000 0.0001000 0.000000 0.000000 0.000000 0.000000 0.000000
DETAILED LEADING ECOE LOADING

1 0.00499 0.880,51
2O0.0070 0.19819
S 0.014.i83 0.47035 l
4 0.01 9S78 0.396606
s 0 .4472 0.441118

*CO4ORDISE LOADING FOR A4LL FUNDAMENTAL CASES 0

SECTION 4 V *0.9S0012 CHORD a 0.183610
O me CASE I CASE 2 CASE 3 CASE 4 CASE s CASE 8 CASE 7 CASE S CASE 9 CASE IQ

WING
21 0.000000 0.180747 8.000000 0.000000 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
32 0.0.1447.1 0.344934 000 0.000000 0.000 000000 0.000000 0.000000 0. 00 8.000 000
33 0.095492 0.110 0.000000 0.00000 0.000000 0.00000.0 000 0.000*: ::Ols :0000 : .000000~ 0.0000o0 0.000
34 0.206107 0.090803 0.000000 0.000000 0.0000900 0.000000 0 000000 0.00 000 000 0.00 0000
SS Q.!41'.92 0.011682 0.000000 0000000 0.000000 a000000 0.000000 0.000000 0..000000 0000 00000
38 0.100000 0.043749 0.000000 0.0 0 0.000 0.00000 0.000000 0.000000 .000000 0.000000 0.000000
37 0.64410 0.031800 0.000000 0. oCOOO 0.000000 :000000: 0.000000 0.000a000 .000 000
15 0.79389?3 0.022199 0.000000 0.000 0.0000 0.000000 0.000000 0.000000ooo 0.000000 0.0000 0.0000
39 0.904100 0.014177 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 a0000 .000
40 0.97ss~e 0.0920 0.000000 0.490000 0.000000 0.000000 0.000000 0.000000 0.00000 0.00000 0000

DETAILIED LEAOINO EDGE LOADING
1 0.004394 0.019974
2 0.009789 0.194803

s 0.0148 0.41310
4 0.019S79 0.399422

* 0CHOWISE LOADING FOR ALL FUN4DAMENTAL CASES
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ft................ Oft ........t f W *SV4S*fftttt~ ff~fffgf~tf
SECTION S v - C.759062 CHORD x 0.201057

WID I 1(3 CASEI CASE 2 CASE '. CASE 4 CASE 5 CASE 6 CASE?7 CASES9 CASE 9 CASEI10

4.1 0.000000 0.371170 0.C00000 0.00000C 0.OO0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
42 0.00^4472 0.'-9773 o.o000 0.000000 0.CCOC60 0.000000 0.000000 0.000000 0.000000 0.000000 0.000070
4-1 0.0'5'.0 0. 36167 0.000000 0.000000 0.C00000 0.000000 0.00000 0000 0.0000 0.000 0.000a000t
44 C..^06107 0.0103S I.C00000 0O.OCOCCO 0.300000 0.000000 0.0000000 0.000000 0.00000 0.000000 0.00C000
45 C.3454'0 0.0.0084 -.000C00 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000CC 0.0006000
-. 0.SOCOOO 0.044::s 0.00:000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00CO00
47 01654scs 0.0.0!07 0.000000 0.000C.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.0030000 0.000000
40 0.79391S 0.024279 0.000030 0.000000 0000 0.000000 0.00000 0000000 0.00 0 0000000 0.0007074' 019045080 .015f0!7 0.000000 0.000300 0.000000 00000 .000 00000 .000 0.000 .000
SO 0.075S00S 0.007778 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000

DETAILED LEADING EDGE LOADING
1 0.0049NA 0.04=20

2 0.009790 0.Seselis
S 0.014683 0.46 69t9l4 0.019178 0.9.^90
1 0.024472 4.51977S

SECToN 6 V a0.6e.7446 CHORD - 04212036
MIG X9 CASE I CASE 2 CASE 3 CASE 4 CASE 5 CASE 6 CASE I CASE S CASE 9 CASE 10

11 0.000000 0.5501733 0.000000 0.000000 0.000000 0.000000 00000 0000 0*000 00000 0.000
12 0.004472 0.329S11 0.000000 0.000000 0.000000 0.o000000 3000000 0.0000 N 0.000000 00000 0.000000 IANOC
13 0.0954921 0.1s:388 0.000000 0.000000 0.000000 0.00000 0000 0.00000 0.,00 0000 0000014 0.206107 0.0901.6 0.000000 0.000000 0.000000. 0000000 0.000000 0.00000 80000000 0.0000080 0.0000
5S 0.345402 0.010000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
S6 0.500000 0.043056 0.000000 0.000000 0.000000 *0.0000o00 000 0000 0000 0.0000 0.000S? 0.65e1S 0.033040 0.000000 0.000000 0.000000 0.000000o 0.000000* 0.000000 0.:000000 0.000000 0.00 00
so 0.79303 O.024:99 O0.00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
19 a.90-508 0.016=64 0.000000 0.0000000 0 0.000000 0.000000 0.000 .000 00000 .000000

60 0.710 .004: 0. 0 0 .000000C 0.000000 0.000000 0000 0.000 .0000 0 .00000 0 .000000
00 8.4 1 61DETAILED LEADING EDGE LOADING

0 0.009709 0.567042
O.C0.c!683 0.&5003

4 0.00'370 0..00834
S 0.021467Z 0.39S05

NtCOROWISE LOADING OP ALL FUNDA14ENTAL CASES f

SECTION%7 Va0500 COD*0063
I xv CASEI CASE 2 CASEO CASE 4 CASES CASE6 CASEI CASES6 CASE I CASE 10

WIG61 0.000000 0.109100 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
62 0.0:447Z 0.315010 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
61- 0.OAS492 0I101-C7 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
64, 0.2.^6107 0.0064*0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
65 0.30e920 0.056458 0.000000 000000 0.000000 0.00O000 0.000000 0.000000 0.000000 0.000000 0.000000o

66 0.0000 00437 0000 0 8 0.000 0000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000067 0..54503N 0.031',,70 0.00000 0.060000 0.000000C 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
68 0.7-3993 0.0:1600 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

6' 0.t'30 .17 0.000 0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
70 .97S. 07207 0.000000 Q.0000CC 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
1 .0048-4 0.7"960

2 0.CCO789 0.S41019

'. 0.019570 0.36.149I
1 0.02447.1 0.015010

ft CN8014SE LODINGFOR L R U MENTAL CASESa
aftft tfftf4 *. . afftfftqf..f..........tatatat

SECTION a y 0.101104 CHORD 0 0.72473
I 1(3 CASE I CASEO CASE 3 CASE 4 CASE S CASE 6 CASE ? CASE 0 CASE 9 CASE le

MINO
71 0.000000 0.495801 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
72 0.004472 0.fS0 .OOCOOO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
70 0.0'90 0.068 0.000000 0.000000 0.000000 0.00G000 0.000000 0.000000 0.000000 0.000000 0.000000
74 0.266107 0.081121 0.000000 0.000000 0.G00000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
75 0.14S49: 0.057705, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
76 0.SOCO0 0.C009407 C.000.1:0 0.000^00 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000030
77 0.014518 0.000700 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
78 .70' 0.O:e 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
7" 0.i040so 0.013165 0.000000 0.000100 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
seO0.9l5100 0.407409 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

DETAILED LEADING EDGE LOADING
1 0.0048'4 0.7:1014

O 0.004709 0.113657
3 .014605 0.40577S

4 0.019S78 0.Z41603
S 0.02447.2 0.295620

a *CHOGVWISE LOADING ' LL FUNDAMENTAL CASES f
.....fffffffftt#* fttfttftf 'IN ttfffttfffttfffttff

SECTO 9 a03-76 CHORDTT0.00M
MIG I 1(3 CASE I CASE 2 CASES 0*504 CASE S CASE 6 CASE?7 CASES0 CASE 9 CASE 10

2I 0.oooo 0.448460 0.000000 0.0000001 C0000000 0.0080000 0.00000 00000 10000000 :0.000000 :0.0000
0 0027 0.067418 0.000000 0.000000 0.000000 0.000000 0.000 0.000o.000c.000o.000

84 0.206107 0.074036 0.000000 0.000 0.0000 0.000000 0.000000 0.000000 0.000000 0.0000 0 0000
8S 0.301492 0.049107 0.000000 0.000000 0.0000800 0.000000 0.000000 0.0000000 0.0000000 0.000000 0.000000
06 0.S00000 0.037S72 .030 000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

07~ 0540 0.966 0000 0000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000 00000
S0O .0.798f3 0.0200142 0.000000 0.0000000 0.000000 0.000000 0.000000 0.000006 0.000000 0.000000 0.00000089 0.904108 0.014743 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00 000000 0.0000
90 0.975300S 0.007019 0.000000 000000 0.000000 0.000000 0.000000 0.000000 0.00000o 0.000000 'a00000

DETAILED LEADING EDG LOADING
1 0.004894 0.040117
a 0.oo9?09 0.460320
S 0.014469 0.317212
4 0.019570 443091%4
3 0.0,24472 0.26750S

.;A 008*0ELAING P%0* AALL PIMDANGNTAL CASES

SEC:ION 10 Y .0.07$217 CHORD0 - 0.S2999S
I xv CASE I CASE 2 CASE S CA SE 4 CASES5 CASE 0 CASEI CASES2 CanE I can 10

"wo
91 0.000000 0.3409S2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 .000000 0.000000 0.00000
1: 0.024472 0.210196 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000 0.000000 0.000000
9s 9109W42 0.10098? 6000 0.000000 0.000000 0.000000 C * 0.000000 0.000000 0.000000 0.000000 0.000000
94 0.206107 0.064171 0.000000 0.000000 0.000000 0.00000 0.000000 0.000000 0.000000 0.000000 0.000000
9S 0.34049.2 0.047.291 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000
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96 0.00000 0.0.916S 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
97 0.6S4508 0.027600 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000020 0.000000
98 0.793083 0.C?4758 0.000000 0.0C0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000 0 C.ccoIOC
90 0.9045c8 0.00.76 0.000000 0.000.00 0.000000 0.000000 0.000000 0.C000 00 0 0...20
100 0.97S5.8 0.00209i 0.000000 0.000000 0.0000 0.00000 0.000000 00.000000 0.000000 0.000000

DETAILED LEAD*kG EDGE LOADING
I 0.00e894 0.S15699
I 0.009780 o.s5o8s:
3 0.C1469! 0.296967
A 0.01 "78 0.2'21e2
S 0.0.e472 0.21019o

* ,SPANIZ9C LOADING POR PUNVAMNTA. CASE 1

... LIFT ..... ................ ........ ... . NDUCED RAG ................................
SECTION v CLO CLMU C P CDG CHU CS

CD C14U GAMMA ALF1N
1 0.993844 01036210 0.000000 0.036230 * 0.0006323 0.0000000 0.0015670 -0.00075'7 0.0000000 0.00,0320 0.0570169

0.969?2 0.0S9019 0,000000 0.0S9019 0.0010301 0.0000000 0.0010805 -0.0003582 0.0000000 0.0047Ss 0.02550:7
S 0.':i0l: 0.074740 0.000000 0.074748 0.0013046 0.0000000 0.0014S60 -0.0001S16 0.0400000 0.006I392 0.01^7912
4 0.S001: 0.000822 0.000000 0.08C822 * 0.0014106 0.0000000 0.0014S0S -0.00005,00 0.0000000 0.0074:02 0.008619S
s 0.758064 0.081304 0.000000 0.0810f. 0.00141!0 0.0000000 0.0013934 0.00002Si 0.0000000 0.0001700 0.0061406
6 0.647446 0.079089 0.000000 0.079089 * 0.0013S0 0.0000000 0.0010049 0.000007 0.0000000 0.0088136 0.00S0705
7 0.S2088 0.07616S 0.000000 0.07616S * 0.0015293 0.0000000 0.0011913 0.0001380 0.0000000 0.0093697 0.004,49b
0 0.331S04 0.071829 0.000000 0.071829 0.0012S:6 0.0000000 0.0010499 0.0002037 0.0000000 0.0097057 0.0047260
9 0.2.2726 0.00616S 0.000000 0.06616S 0.0011S0 0.0000000 0.0004598 0.0009so 0.0000000 0.009415 0.0046069

10 0.078:17 0.058551 0.000000 0.0585S1 * 0.0010209 0.0000000 0.000S201 0.000S018 0.0000000 0.0096608 0.0031973

TOTA. 0.070101 0.000000 0.070201 - 0.0012266 0.0000000 0.0010305 0.0001961 0.0000000 0.0002059
.. ....... PTICHING MOMENT ........... LIFT CENTER ...

SECTION v E CHMU CMT C" P XCP/C XCL/C
1 0.993844 -0.00352b 0.000000 0.000000 -0.00332S a - 0.091763 0.091763
2 0.49372 -0.001640 0.000000 0.000000 -0.008645 0 a 0.3464S3 0.14.4S0
3 0.921032 -0.0!4778 0.000000 0.000000 -0.016778 f N 0.197701 0.197701
4 0.050012 -0.017849 0.000000 0.000000 -0.017949 0 5 0.22034S 0.-2004S
5 0.758062 -0.018479 0.000000 0.000000 -0.018679 P 0.227:07 0.2272"7
1 0.64744 -0.018190 0.000000 0.000000 -0.013190 P P 0.229127 0.229 127
7 0.S0808 -0.017S44 0.000000 0.000000 -0.017544 0 0.200347 0.230347
* 0.!8;sC4 -0.0;1006 0.000000 0.000100 -0.016696 • P 0.232t28 0.^.2438
9 0.7027:2 -0.0057 0.000000 0.000000 -0.01177. 1 P 0.0808 0. 2868

10 0.078217 -0.:0 910 0.0000 0.0000:0 -0.090 m P 0.27139! 0.7392

TOTAL -0.15089 0.000000 0.002000 -. 598 (APEX) 2.07720.^ 2.07720: ICREF)
0.133006 0.000000 0.000000 0.13:806 (XMCI 0.S44:05 0.54420S (X/e/2)

U TOT . ..EOODVNAMIC COEFFICIENTS s

CASE 1 CASE 2 CASE S CASE 4 CASE S CASE I
*51 7 CASE 8 CA$ 9 CASE 10

CCLO 0.070281' 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCLJ 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

P CCL 0.0700811 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCDG 0.007:266 0.0000200 0.C000000 0.0000000 0.0000000 0.000000 0.0000000 0.0000000 0.0000000 0.0000000
CCOJ 0.0000000 0.0000000 0.0000000 0.000000C 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

CCS 0.001230S 0.0000000 0.0000000 0.0000c00 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCD 0.0001961 0.0000000 0.0000000 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

* I C1"r 0.002C0S9 0.000000 0.0003000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0030000 0.00000o0
*4 CCJ 0.00000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

CCMG -C.14S88 0.00^0000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCm4 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.000000
C.IT 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCM -0.16$9882 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CkZP :.077:0.1 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.000000e 0.0000000 0.0000000
CXCL 2.07 70 1 0.00C0000 0.0000000 0.000000C 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0220000
CX0B 0.S405S 0.0000000 0.0000030 0.0000000 0.0000000 0.0000000 0.0000000 0.00000 00 0.0000000 0.0000000
CXCL. 0.S440SS 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.000000

CCMONO 0.1s:8062 0.0000000 0.0000020 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCN..9C 0.0000020 0.000000 0.0000000 0.000c00 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CCMTMC 0.000C000 0.OOOCOOO 0.00C0000 0.0000000 0.0000000 0 0.00000 0

PR CC"C 0.11.8062 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0.000000 00000000 0.0000000 0.0070000
CLLG 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CLLJ 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

P CL 0.00000o0 0.0000000 0.00000o0 0.0000000 0.0000000 0.0000000 0000000 000000 0.000000 0.ooooo0
CJj 0.00,0"o0 0.0000000 0.0000000 0.000o00 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

P CN!C 0.0000000 0.0000000 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
P OCY 0.0000000 0.0000000 0.0000000 0.00C0000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

C000 0.C0s2014 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000300 0.0000000
C23L 0.0226014 0.00000C0 0.0000000 0.0000000 0.00 0.0000000 0 0000000 0000000
EsJft 0.020000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.000000 0.0000000 0.0000000 0.0100000
CBLJ 0.0,000'0 0.0000000 0.00000C0 0.0000000 0.0000000 0.000000 0.0000000 0.0000000 0.0000000 0.0000000
CSR 0.0324014 0.000000 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
Cm. 0.0:4014 0.0000000 0.000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

CPMER 0.461020, 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
CPM.B5 0.4010l49 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.000000 0.0000.00 0.0000000

E PROGRAM MA- EACHED NORMAL TERMINATION

"tTHE POGRAM %A$ REACHED NORMAL TERMINATION"00" P...................

107



PROGRAM JETFLAP LISTING

& RrRAMf JETFLAP
Le * l n C eHA D A P ~ ( J A C

FALUATE1 MAD1 f~~ -y HE MVICROVAX/2000 e

SATCH F1LM$ADDED AN 2FINDE." INSTNAAT611J~QU
TA P AT AViALL Ijfi T K(UN I

PIE DJ EA~ VIEASW
ANMMMM pJASVJl j~iAC&Nf

eWoj w Aee 1 Aweewe EV;E-IDC MPUTERJ PO R M

R I C ALf-00

C*****tIP***-EDtERNr COMPUTERHNPROGRAMES----

YP 0G A JIL FWIPig

AE * HD 
A~.RE j BE

LIt ~ R T INS AC IHE1P

EDT-WN CO P R RAM SERS MAIIJAL

CAICA 1.10Tc hiIFET O

A AA meC ACSR,@

IC C

OPE
No J L1ANWAUR;RTIAfl,,Mf~jj6g
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CIATE¢AR1ABT = NEXT.C~~ ~ OPi 01 CRAH
ENATH FOR MA RIX INPUT TO SOLN ROUTINE

1 VJFLAP2 *DAT 'N

ROTYP VAR A f,-UNFORATT0D , '1 ~AUS RAT ICRTEtP STORAGE DURING MATRIX SOLN

IJTA AP3 DAT'

Tp aP ARA L ',
2 UNFOt ATTE 0P SRATCH]

C OPI)JFAT TEtCP STORAG DURING MATRIX SOLN

T1,,PE:mVAR IAL ',

2 STATUS: SCRATCH

CAL LIRARY N LAR THE SCREEN, THEN PRINT HEADER
J!LIB RAsENyAG2u I1

PjR 'T V PROGRAM JETFLAP : VERSION 3 : 31 JULY 88'PRm 1'T
PR I THE ELEMENTARY VORTEX DISTRIBUTION 1EV11 ET-
PRprr* D COAPUTER PROGRAM FOR E THE AEYNAM Cf
PR T CHARACTERISTICS OF ARBITA RYJET FLAPPED WINGS
PR NT
PRINT *

IT EN INPUT jAFILE t F-16

2E A F ENTE T DAAIL M:
OPE N El INT= III

AF 4. B$ E~h FXA -~ui
,!V. E SI:E) P we size

CCHEIKF , A~l IF ST~ jEFRE TRY~ ACCESS IT

F TT ~ (OLD'FO .- O IAT 1 I

SNIRE I L a INFILI :NFIL.SIZE), EXIST x EXIST)
F NOT. XI5T) TH N

I *,* THAT.jjhE NA~ DOES NOT EXIST.-

INT, ' R99TO T'

RN T

END F F5
C GETA FRI L UNIT IUER

C P E2LSI 54T LNLA SIGL I XVAL (STATUS))
CPEN,

rFINAN T EU. 1)THEN

1O SIZE),iuJ QaE AL'
EROTYPE: = AR ABLU',

FORN F0 JATED'v
2 TATUS. 'OLD')

ESEWDT P R1RCREEN OR FILE

PRiNT*'u'ED THE RESULTS TO THE SCREEN OR A FILEV
6 PIRT*, ' NER ISORFT

7PINT *
IUflE *I) e#e R i9ze

RW R t EX ATE:* ~ prfl
CHC E FTIFILI XSSIC CREATING
1 ;E C 0 1O F ~ F T X I 0  T O 1
IMCIRE ItIL NMR OU# 1~:1OFILE..SIZE), EXIST UEXIST)
IFI ~S JTHEN

1&'j T0AT FILE ALREADY EXISTS.'

'(OR ENTER 999 TO RETURN TO EXIT OPTION).$

d ELSIALL QUERY INAMlS)

NA 1 Q ) THEN

ELSr1INLG+ EQ. Z )THEN
ELsrI , AMO EQ 9 THEN
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EL4 U ' INVALID RESPONSE - REENTER.

SOP E FL FOR RISULTIrFR I PROGRANNJETFLAP.
C P ,~TO9 RNT K,, POESTGBGN...

PRITRRNT AT A SENG WRITTEN TO FIJI ',OUTFILE

OPNUNIT. it 4 HLESATM -U'NNOWN'
ELA , A . "') THEN
ELe t 0

* NVALID RESPONSE - REENTER.'

1 F4AT IX,' DO YOU NISH TO OVERWRITE THIS FILE? I a YES;Z • NO')1010 ;ORAT 4 )

CR RL A HXC

31 fR " ARNCASESISY?6IIPRITJETFLG.ISTYPE ,IHIE PIDERIV
41FRA 1 11P )

=RFXE s C

S WU

FINZOETg 1 .NE. 01 60 TO 6
o*R RU WIL St E EXECUTED

PPy 1

GoLioAIP60, 70 ,100 ,120),, R

IE A STAB L ITY ERIATVE UN HLL E EXECUTEDb0 AL APLYz
TETIR . 2)Go To 120ITHIS RUNI HAS SEEN COMPLETED. THANK GOD FOR SMALL BLESSINGS.

FIT CHPLETON ESSAGE FOR THIS U AND GO ACK TO BEGIN A NE U
1 tHR PRUR A 1 1 H A5 REACHD3 IMWAL TERKIINATBON ED

fRED T 0 SEt I? H NEXTC I A TITLE OR AN OLD END OF C70U CARD

EADI LUN 20, NDO: TTLK

AIO L%?1IVEAE AUND STOPB EXECUTED

0 L
6 MR 2) 0 TO312

tK ,o .A ,l~oH-------.-------------- ,

ATAL RRO HAS E PR T FNHA ESSD A ASNL TENTIGN

IS 31V11 ~ " / /6X 2CH *** 32jI8~~ FORMA17IN RP~ ***)XAHED "LRN TERMINATION

C Rdi 1 * N ***N
UROUTINE CLRSC0N

LIBRARY ROUTINE TO CLEAR THE SCREEN.

SUBROUTINE RUERYI NANS ) NU

PRNJ jrL~ 'MSSGE ADSOP E EUTO 6ST

1 AA ER6 T*S0C*'URED ALIAS AR G";;!'REM"VXT;*bID.U ~ ON

N I TES6TEST * 1
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READ (S,*,ERR91)NANS

C*** ETURN

C SUBROUTINE APPLY1

THIS SUBROUTINE CONTROLS ALL ASPECTS OF CALCULATION OF REGULAR CASES
1 pIAllTH/NC~HASjvISYtpI PA ET oG IGTYPE IHINGE

COtULON/SPIITN ,IR
C DEC 0L HHETHE OR NT T'HREV N ALPHA CAN

1t YWI4 .LT. 0) NOALFA a 0

NITAkME AND INCREMENT THE CMU CASE CONTROL COUNTER
NEo~ = ,. NECU + I

fXE[ PRlGF OBLEM FORMATION STAGE
GOTO 40 v 60 , 70 , 80 )v IR

SEECUT THE PROBLEM SOLUTION STAGE

F rR .E . 2) GO TO 8O

I IEf [ ITAIROOYNAMIC PARAMETER STAGE

E~~~ HE PRGAlAl~, 4~~ SUCESSFULLYO BCKE AND NO A NE5
TFJTFLG.NE. I T)

GO TO 20

THIS RUN HAS BEEN COMPLETED. RETURN TO START A HEN RUN.
60 I R =

C THIS RUN HAS BEEN COMPLETED. NO FURTHER RUNS FOLLON.
70 R z 3

RETURN
C A FATAL ERROR HAS OCCURED. RETURN AND QUIT.80 iR z 4,0ETURN

END
SUBROUTINE APPLY2

C
C THIS SUBROUTINE CONTROLS ALL ASPECTS OF CALCULATION OF
C STABILITY DERIVATIVES

COItION/ttATHEH/NCASESISY1II, PRINT JETF LITYPE ,IHINGE
COt4ON/SPIRIT/ NEK'AXNEHCfUNOAFA PLOGI, I R

CHECK ON STATUS OF CONTROL FLAGS

10 IHINGE a 0
NOALFA 21
NEWICJ = 1
IFIISYMt GE. 0) GO TO 30
ISY111 z 0
HRITE(6. 20 1

20 FORItATI1HO///16X,41HTHE ISYI9t FLAG INOCATEDRAN ANTI-SYlETRIC,
C I 48H CASE. HONEVER, IT HILL BE TREATED AS SYMETRIC.

C EXCECUTE THE FIRST RUN
C
C FORMULATE THI PROBLEM AS USUAL30 ITL ITGE3OC TO , 0 110 , 100 v 110 ), IR

C ADO THE EXTRA FUNDAMENTAL CASE FOR DERIVATIVES DUE TO PITCHING
,0 LOGIC = 1

CALL STAGE4
C
C EXECUTE THE PROBLEM SOLUTION STAGE AS USUAL FOR THE FIRST RUN

so AOLi STA .'1O R..A . , Go TO 110

EXECUTE THE AEROYNAMIC STAGE FOR THE FIRST RUN
C FUHOtENTAL CASES

60 LOGIC 2 2
CALL STAGE3

TH FISINUEHASD EEN COMPLETED

HRITEI(6 70
70 FORUAT 1I1/////// /3K, 11 *HSW* dItl RIVATIW

Sm S FOSTVE CASE
C F THI S ASYHETRT I ,, SN1 TCH IT TO ANTI-SYMETRIC FOR RUN 2

0 IF(QSYH . IOI SY -1
FV R THE , IRT RUN SOL, ONU, 1 E T
ORL6 GICG I ROLLING RATES, ANPRINT THE HY.
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CALL STAGE4

SET % AND SOLVE THE MATRIX SYSTEM FOR THE SECOND RUNC:ALL STAGE2O
IFIR .EQ. 2) GO TO 110

.CALCULATE AND PRINT THE DERIVATIVES FOR ALL FUNDAMENTAL
CANUL $0SITE CASES

FIR]NT .GE. 0) IPRINT a 2
* ALL STAGE3 "

THIS IS THE END OF THE LINE1oo 1RTS100l IR 1 , c , E L o..
RETURN

tOF;A 9ROAHAS OCCURED. RETURN ABNORMALLY TO MAIN.

L.JBROUTINE STAGEILI R R E~cNQLR S;Hj HESIAjALIET&U RAMEM& A S. AND

SOtt1ONVMATHEH,/NCASES SYI1, IPRINT ,JETFLG GTYPE, HiNGE
Ot1OtVHARK/NREN ,I",NJT. NIIAXtI ,NJ 40,N 140)ZJ140 )
O(tOO/SPIRIT/ NEHAX ,NECflUNOAL FAL6GICP IR

CHECK NHETHER THIS JS THE FIRST CHU CASEIFINErCtHU .GT. 1) GOTO 0
IF((NROS .GT. 0 OR. INROMS .LT. 3)) 00 TO 80

SCTIONAL INPUTr

1 76iI TYP .EQ. 1).OR.(IGTYPE .EQ. Z)ICALL SGMAIN(NOALFA,IRJ
G T I 20 , 40 , 100 ), ZR

I USER INPUT
PRINT ERROR MSSSAGE BECAUSE T0TYPE HAS THE NRONG VALUE0OHR t T (, 0 GTP

0 MFTOlT I/ITE IM YPE FLAG HAkTgE VA OF,Z/

0 cT 00Y TGO TO loo g T H S CSE HAO BEN TEWHI TED)

RjA THE j AS REQUIREMENTS

A THE CMU DATA

1A%)TH LOWINfJETFLG, ZR)
0 0 ;RIZO 1, ZR

60 CALLR BOJEkQ M ,IR

ISURN N lA LLY TO THE CONTROL PROGRAM6O TO 130

E RIH & R MESA ; CAUSE THE MROMS VALUE IS UNACCEPTABLE

18O ID T iH1/5X ,7HRONS -,13)

oA 0 F.AL ERROR HAS oCCURED. RETURN ABNORMALLY TO MAIN.
100 R .4GOTO 130

THIS RT HAS BEEN COMPLETED. THAW GOD FOR SMALL BLESSINGS.

1T.T MAIN AND BEGIN A COMPLETELY HEMRU
O TO 130

II RsTh MAIN AND STOP THE EXECUTION

IUZROUTINE SOINDNOALFA. ,R)

U t ,wi' TR. ALL GEOMETRY CALCULATIONS FOR THE

CWN AON/THEWNCASESISYMPIPRINT ,JETFLIrGTYPE IrHINGE

ATHFORM GEOMETRY DATA
I • T 0

t .,T XL ETRI

27ML Hg~Z~l~ HIM PLAINFORM GEOMETRY DATA

READ THE JET SHEET GEOMETRY DATA
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30 CALL INU IR)
IF(iR.tEQ. 2) GO TO 100

CONSTRUCT THE EVD ELEMENTS
40 CALL BOXSUIR)

IF(IR .EQ. 2) GO TO 100
C
C CONSTRUCT THE SET OF FUNDAMENTAL GEOMETRIC CASES

c DO 90 N = 1,NCASES
LEASE z N

ISAF HE 5~ ILCASO HJCS

C CNTRUCT THE CASE DATA
6OrAL 6EjECLS fNOALFA ZR)

MR . 21 0 o ,o

SPRINT THE GEOMETRY AND CONSTRUCTED CASE DATA IF REWUIRED
XF 1LAS EQH 1 ) HRITE16, 10)

Ii LCASE)
to1R 2ft

RETURN

SAN ERROR HAS OCCURED. RETURN ABNORMALLY TO STAGE1.
100 JR=3

SUBROUTINE INPTSI ZR)
C

C THS SUrOUT I ERASTE EIN GEOMETRY DATA
THE SETDNAL GE TRY METHOD

COMt1ON/MARK/R 1NROwSj iTNJ N N,*140) NJ(40) W(40) 1J140)
C11/GMIY4 o CHR (4O )EfA(40 hX8(bO66),XI(60),DEL 6OO)p

1A Dt40 6 AN (4 ,K)0)fy ANT040
FOMNGO2/XLEA 40O XTRZOiTY/XBI'4( 2 NLI(40 , J1T E403

1tm/~~~wivof6 '10_ N1Y ,JT0YTP4E1
8?MO/NDAT/LUNXTP

F RE AD THE SECTIONAL PLANFORN DATA
10 NTY PE m 0

REA ,8~N 0(. ) IYl(~KK NRONS)20 FORMA
READI LNa 30 ) (ICTYPEIKhpKz1,NRONS)

30 FO RN1A (4 121

1F1CTY4EI.GT. PiTYPE) NHTYPE aICTYPEIK)
4 0 ONJTI K r

I tr;iT(PE .GT. 1 0 GOTOS
c READ(LUN, 30 )(N? N),N1 ,MTYPE)

C READ THE CHORDNISE DjYISION DATA FOR EACH RON TYPE

NPI= NIIN)
IFUNIN .LT. 1) .OR. ININ .GT. 20)) GO TO 100
READLUN, 20 )XBH(LpN),LU1 ,NIN)

C DEFINE HE It! N1ER OF CHOROHISE DIVISIONS FOR EACH RON
0070 K iNRO4
I K =ICT rlK

60 NIK) K N~ I
70 CQ TINWE

ETURN

AN ERROR HAS OCCURED. PRINT A MESSAGE AND QUIT.
0 04 T 90 )NWTYPE

to RMA6NR2 XP6fA OF MING RON TYPES m,13)

il8 fQH Ah~/l~MNf MING ELEMENTS PRESCRIBED FOR RON TYPE ,13)

SUROUTINE INPUTJ( ZR)

JgJSr EIKN' 'r20ST'lJET GEOMETRY INPUT
T ES INAL OlIET Y METHOD

8m ntK/NROHS ,NRADIf vNT XNN4lN

1 IlITYPE ,NJ4YPE
Z II N/I AT/ L li

IHEN SI 0N NI( 10)

It ~E TY OF DIVISION FOR EACH RON

AFdTFLG MNE. 01 GTOT 90
20 A5IUN6 20 ) I IJYE(K ) ,KSlNROHS)
2F RMAT14 12)
DO 30 K 2 lNROHS
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30 fE T ~ I: iYIJYII T ~
CREAD T W "E I1. 100GO l~ 1 h?VjfONS IN EACH RON TYPE

REA I~N 10) (NIINJPNul vNJrp

C RIAOHR1AmT i 4 f~NS jVISION DATA FOR EACH RON TYPE

IFININ .11 ) D. IN IGT. 20)) GO TO 130
READE4IJN 6O ilX isL ,N ,La #NIN)

DEFNE HE NIEI CHORDWISE DIVISIONS FOR EACH RON

IJTIP 1K) .EQ. o) GO0 TO 80

NYPESKI

ON1NK IR I COISE1C ON EITHER SIDE OF JET

FINJIK. T UIEST-

O?4T 

IU

FICOUNT .LT. 3) GO TO 170

TH~ERE I sNO JE1 FOR THIS RUN
90JTYP2 (K) zNR
NJ(h I a 0

100 Cjt4TIIIE

RETURN

AN RERROR HASI CUE PRINT A MESSAGE AND QUIT.
01 FORiM ~A k.IEOF JET RON TYPES z:,131
IETURN

N~O FRR jH131"O JET ELEMN~TS PRESCRIBED FOR RON TYPE,I3)

90 JRRAT(fth?19H3 ROM CONlTINIJITY RULE FAILURE)
RETURN

SUBOUTN LETR1IIR)

CTHIS SUBROUTINE READS THE LEASING AND TRAILING IDV COORDINATES
CAT SPAW~ISE STATIN C~IETED BYSTRAIGHT LEADIN AND TRAILINGEDGES
CAND INTERPOLATES T ETHCOORDINATES AT INTERMEDIATE SECTION
C OMNAR/RN NTvNJTfNMA N(4)NJ(40 'P4(40) 1.1(40)

COK-1WO I/Y 4R01 NCHR('4)fDELA(40~7O XB6,PI66)DELI600)p
1 0(401) KK(600J JPE( 6001
COMMON/GEO42/XLEAD(40)XTAIL( 40 ),TANLEI4OhsTANTE(40)

CIOVINDAT/LUN
C IHE114SIO4 YP('.O)oXLE(40),XTRI 40)

C READ XLEAD AND XTRAIL
NX 2 0
of30 LN aNROSS

10 FOR ~i~ 31" YP(N),XLElN),XTR(N)
20 at IYPJ . 1.1) 90 TO 40

C 0J a E A YE THE YVALUES ARE 0REALIC
IF, AI APr "-YNRUI)) li. .UOO1)UGOO 110

REDTH XRA 9 CARD if NROMS CARDS HAAB EEN INPUT
I IF(WO E. NRONS) RADLIU, 0 1 EXTA

J NTRP0 ATE FOR XLEAO AND XTRAIL AT THE INTERMEDIATE SECTIONS

T NR )S10 TO 100,10TO0
C hIAN XT; ER IlPFOR 6K T6ULEDK)XL N)

RIN))W
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GO TO 100
C hE AND XTR MST BE INTERPOLATED FOR RON K

80 YRITI0" (Y(K)-YP(N)) / IYP(tilI)-YP(Nfl
XflLK) *XLE(N) + YRATI * (XLEINM1)-XLEIN))

90 XTR ( K) 2 XTR(N) + YRAfO * IXTR(NliI1-XTR(NJ)
G To 5

100 CONTINUE

AUTURh

AN R0R HAS 0CC URED. PRINT A MESSAGE AND RETURN.
SRITEI6 120 IN~SDEX HAS S[E EFMMMTJN THE,

I RT~cN2 2 I L L D TRILING G

END
SUB ROUTINE XLETR2

Ifi ?X~UR0UTINE READS IHE FUNDAMENTAL PLANF8RH AAMTERS FOR A
IDL IfG ANDTACULATES THE AVITHA AN RAILIMNGDEE S A V ASNAV T TION. NOTE 4A TEPLANFORI & LN

C ARST BE SYMETRIC
C

E& /AKNON3NOS NN1*4NAXN(4P0 (40), IHI4)L (40)

co I OtVG O/ (40 9 CHO 0( 4011 FL At CREF( CPf60p 06B0)
1 ~D(4 4QKK(60IZYE60

CO, WNGEOM /XLEAD I 40 ) X. TRA LI 40 ) ,TRL4OTAE(
COMIN/II4DAT /LUN , , ANE40 TNE4)

READ THE FUNDAMENTAL 'PLANFORM PARAMETERS
READI LW 10) RTOSEPR

C10 FORMAT W410.61 RTOSEPT
C COMPUTE THE GENERAL PLfiHFORM CHARACTERISTICS

B2 *SPAN /2.00
SW SWEEP/57. 295779

t0 CROOTZ.0 *SPAN / ((1.0+TR)*ARATIO)
AREA 11I.0+TRI * CROOT * B2

30XLB2 =0.250 * (1.O-TR) * CROOT . 2 * TAt4IS%.i T)
3CIIAC 2.0 * CROOT * (1.0 + TR *TR*TR) /1.*1OT)

BAJREF.Q 0.0) CREF CHAC

CCOMPUTE THE LEADING AND TRAILING EDGE COORDINATES
40 DO a0 K = 1,NROWS

YBA~ z VIK)
IFIYBAR .LT. 0.0) YBAR a-YBAR
XLEAD(K) XL52 * YBAR

s0 C 2 CROOT *(1.R6-I1.0TR)*YBAR)
XTRAIL(K) =XLEADIK) C

60 CONTINUE
RETURN
END

C SUBROUTINE NORMi
STHIS SUBROUTINE NORMALIZES ALL WING PLANFORM GEOMETRY BY SPAN/2

COMMON/MARK/NROSRV HS NW I4 J4O I(4) J40)
COMIO/O / AE iSPAN AAATI66TR SE:CREF 14AC CBAR 03COIIMON/GEO~l/Y(40 ~ CHOADI 403f 6ENfA(Z XB(660i,xiI600l ,DjL6 )

1 D(40I KK(6001I IYPE(6 0)
COItIN/GEOHMEAD i'40 ),XTRAILI 40)I TANLE (40) ,TANTE 140)

10 B2 zSPAN / . 0
AREA = AREA lB2**2
CREF z CREF / B2

20 X1Ic = XNIC /82
CG=CG /B2

0040 K I 1,RO14S
30 XLEAO(K) = LEAO(K) / B2

XRAIL11) XTRAIL(K) / 52
40 CONTIN.UE

SPAN * .00
Ap T 0 SPAN * SPAN / AREA
RETURN

IROUTINE SOXS(IR)

101SEMINIM rESNTH 5E EMETRIC PARAMETERS FOR ALL THE

COflMON/MA~EH/NCASE FHMIPRINT ,JETPLGiTYrINE
'lsp K J AX NN( 40eJ4)~4)p 40)

C~~OH/ REASAN AAATI 6 TR SNEEO,CREF6 MAC CS XoEL Xo)
I W 1HK (40 CO1 ,CON 1 §TJE fA(4)XI )k(60.E10)

1E M (403 1KK 06pp!I TYP H600)
12XEAD 40 XTRIL(40),TANLE('.0 )%TANTlI404SS S i 20*1i , (CSI20,1I)ICTYPE I 40 ),IJTY E4)

1 I NMTYPE INJTYPEPE4)

C

C L ~~ICTINAklDATA
C 100"SjER IaXT AL(I - XLEAD( 1)

rO &;Rbi lo* Dy'ELTAIL)
20 HOD(K) x TRAILIK) XLEADIK)

DELTA(K) VEYK-10 - Y7KJ - DELTAIK-1)



FELTAIK) .LT. 0.01 00 TO 190
MAaCHAC + CADRUIKJ** *f ELTAfK)

30ONTINUE
C CHECK THE VAL6DjTY FTE CT ONAL ALLIGNENT

FI A(l y R- 01) 60 TOI 190 ?0 !llo j v 8 1
35 354Ti

FIABSI0SU-OL .bX~ 001 G. ils O TO19

zFCE 2. O .16CE F.01 go CO IC
C

C CohUt E 0ALL CHORDHISE ELEMENT PARAMETERS FOR EACH SECTION

'g IL ICfYPElK
48 r( aXBhI(LP1CKI

C tomUfqAr~ OTHER PARAMETERS
a

~0 0 L a 1,NWI

60 K41) z
DEL W XB(I.) )I

70 l.yl E xXLEASffl 2 XBI) CHORDIK
a? C NT I HUEC R~ I N THE LAST DEL IN THIS SECTION, AND DEFINE THE L.E. EVO TYPE~EL( I)= 00 - DI

I'IK =IN(
TYPE(INK a 20

90 CONTINYE

CONSTRUCT THE ELEMENTS ON THE JET SHEET
COPT AJL CHORDN SE, " IT PARAMETERS FOR EACH SECTION

C C 00 80 CSRfNA+
IJI K )z

100 NJ( a NjwKSFINJK .EQ. 0) GO TO 170
0 120 L1 1,NJK

B(oIsm = XBJILIK)
0CONTINUECCOMPUTE ALL OTHER PARAMETERS
I 2 I - NJK

130 1J(K) x I + 1
D0 160,L a 1,NJK
1 21 1

140 KK(I) a K
DELII) a XBII+1) - 1(I)

150 X1111) XLEADIK) . 1(1) *f CHORDWK
ITY4 (I) a 10

160 CONT INUE
C REDEFINE THE LAST DEL AND EVO TYPE AND THE 0 VALUE FOR THIS SECTION

DELI I) a .OE1O

270 CONlTINUr
iSO NAX -

IFIMAX .GT. 600) GO TO 210

SAN ERROR HAS CCURED. PRINT A MESSAGE AND QUIT.
S90 HRTEI6 20
00 FMAT( NH/3 .44HPLEASE CHECK YOUR SECTION LOCATION I(Y) INPUT)

IETU

118 RT (6fHf/25 S),N 2 1H IS TOO MANY ELEMENTS)

IIiROTINE SOXJI MMWAXIR)
THIS SUBROUJTINE COMPUTES THE JET SLOPING FACTOR CHUP

CQQNME"M S,.iSl"jM~iTNJ=T1 toWXMII*OJNJI4O, I1tL (,649W0
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COMMON/JCASE/CIRJI 40 ,CMUPf 40) ,CPIJPPI 40)
E W ~ IE THE NEW CW AND SAVE THE OLD VALUES AS CRJIPP

0 NV'471AX W IAX
0T T Ks1 NR4S

STO 30
20 I% IMFT :IL
30 NtUPUK100

41 SE CETBLiMN1 ~u!I jNTS */4IX,101 4N*u** )/

AN ___R HAS gCURED. PRINT A MESSAGE AND TRY AGAIN.

11L-~ iJBEENRFWI INPUT.

1RTINE TANSI TANiX ,Y NRONS)! TXSSSR~NECPrE TE TANGENT OF TqhE EADNO NZ.EAGL T E CEN?4TE RE JFAC SECUON 115 ACDE

DIHEj NSI POt4 lAE , 0)Y(4,E *0SLOPXR~LYYL LORXL / YR-YL)
HYO IO K&jj R E ,NRONSKR K-i

&EK KT. 1) GO TO 30R
0 WK lv1NROW YKRSEK)

F(K . .ARO,~O~ 150f~F (AK (NRCi-1 -) Q01 6
C CHECK ( 6 THER THE RI6H I EFT FjDjES AR OSRAIGHT

IF ABSSIK) - SEK-il) .SK1) (+ LT.* 110 TO O4IS
NIF ASSI1 D40*Z) .LT HlOT LEFT AND IGOT

T4E StD IS LIVL TRIH
l(ARS11 01KTs It

THE~~~ RU SHSiJl~~'k~lR:4001)W UP AND TAKE THE AVERAGE
T *(K zIS K) + SIK*1)) /200

G0O 200
C THE RIGH1T EGEI STRAIGHT

150 TANIK) EKEWK)
CTHEEO I% 1tooSTRA'GHT

00 CONTINUE
RETURN

IUBROUTINE INCASEE LCASE ,NOALFAI

THIS SUBROUTINE READS '.ME FUNDAM1ENTAL GEOMETRIC CASE DATA
Om AR vU*O HI(40 ),IJ(*O I

4s,4 101 46),dTIU
1C GI0, IN DA , d 4 6 i AU, o 0

cDIMIENSION 1J 0)O1,DtNfff40)
C INITIA IZE SECTIONAL DATA

10 TST&K 4 A! 2 0.00
LA ji, 0.00

.iKi 00
AC ElK) :0.00

C INOTIALUETIE CAMBER ANGLES

INI IAkOZA TI,N! E DATA
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IF(ILCASE .EO. 1) .AND. (NOALFA -GT. 0)) RETUN

60 A3F A 2E'1L ) C~ f ,IINPUTC ,INPUTB

R EAp k NIl R fiWfUN9OJETI j~f C

70FR i. 0) 16ADE LUM, 70 1 (NL(KvLCASE)vKz1,NROHSJ

C DIStb1 TH Oll9IVALUES~aIILYN THE DJ ARRAY

JI o). 14NTF.O TO SO

goPI UAHY,1

10 9A'6d I 1K, ,NRONS)

'Jillo TS 2'CT(K)

110 -ItuI Hl(K)

IN I3 I ACILsN),LzlNINI

a1 TA(LN NME *U iNT

2L ,GIDR CODTO ARRYSON FO1H

? iON/IAR/NRI4 NHSJT , IHT IAXK)10INI*OH 0,J 0

NDODTONAGE

ROUIN LCEE(LC0ASENAFVR
30JoWt'ASE)~jMR_-~ BONDR CODIIN RRY0FRH

EM UAM 4OR 1~F 6E.u)~0

~~A IfIN TH ANLE 4O ALL10 REIINN (20ANA CASE

CAOE CG4T W AYRCNDTIO ANLE

10 -1 ge )201183



60 I1PJTC -EQ. 0)690 TO 110

IHETA(K*LCA5El z ACT (K)
70 1.1-K a WI'4K I

IICT(KI~E0 00 TO 9

- ES( ,LcASE) x ACILvICK)

8 ONT ,ENW

10' ~ I M~lT'f7?O) 60 TO 1460

~T 1LL)Tl TUCASE) .TSTIK,LCASE)120

~C * jISE) 2EPS(IPLCASE) * TST(KvLCASE)

FLAP AND SLAT DEFLECTION CONTRIBUTION
160 IF(INPUTS .EQ. 0) 90 TO 320

ESM PTHE TOTALNILAT ANGLE AND FIND TIE NMBSER OF HINGES ON EACH RON
NHIK) a0
IF JINT( 1*. 01)Go To 1I0

170 N HTIK)
IFXABI L,N) .T. 0.01 OT 8
(HKI 14K)*.1 ) OT S

ONEPS L N.T. 0) THSIK,LCASE) THSIKLCASE) 4 ET(L#N)

P0RHAHIIDEEO OFIACH ELEMENT AND FIND TUNING ANGLE AND EVO TYPE

o- N03?0 K - 1,NROMS

200FIN 7EQ!; G 0 0TO0300
kSTARt3
NI4K a NHI1K)

~c g' R E1OIIO?0TOIE4&bRDHISE ORDER

3k f VORTE AONT IN CHOROMISE ORDERP LOOKING FOR N-EXT HING
.YC12 LaLTRT,1ICW

C2CE K ONRELATIVE LOCATIN OF VORTEX POINT AND HINGE POINT
20 XIF 2 XHBILHN

IjX F II F Gf -L 00 G? TO 230
I FF hT -oil) so ?O 30

C T1HE ITH VoRlt 00INtIS A HINGE POINT
20 b 5 5TtLHvNNDE A(1I IICS) a ET) I Ne)

!I ,LCASf) aEPSIILASE) - THS(KLCASEl

ISILHNN.cT. 0) ITYPEII) - 41
THE ?TH I~ I OV;l~

240 EPSO ,.L A Ela SI ,CAS) B5

60 TT, aI - 1111K) I
Z0CfTI HJUEc 12FjNE TI INDNCANGLE : EMAININQ POINTS BEHIND TIE LAST HINGE

P~21 
6L,- LSTART,MMK

PSiml N L ASE EPSII LCASE) - THS(KLCASE) + S
EFEC OTTEHIGS TIE JT, MJLE20 FINJIK~l C0T. 0TTAIKLC*5Ei) a THETAIVS )-THS(KLCASE )4

JET DFL-ECTION CONTRISUTION
320 A(INPUTD .EQ. 01 00 TO 330

IFfUK 10EVRO8 TO 340
330 j*JIIKA A tHtK) LSI JK

I CTYPEIIbs 43
340 ION 1
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3"UR

AN ERROR HAS OCCURED. PRINT A MESSAGE AND SUIT.

Li %,Lj H HIMG INPUT.
6 ROUTINE OUT1( ICASE 3

~ I ~BI~!011OT THE GIOMETRIC DATA DERIVED FROM THE

* R A T 0F M A A 1 I J * 0

Em*"OjEN) L 9i f;

_14_ p6 GEOMETRIC PARAMETERS

j'NCOMPUTER PROGRAM m
C0HAT1 :,5IIACWS / . PNSI01RT 6 *03 Aa. o ,SACREFPCRE,XOIC,)*CNACPCNAARATIO,

40 FORMAT(H//5*4 4 1D!X5N[NPUT /'1 X,6HAAzr. A,6SPANu 2715

60X60 J I1ET
/I PL& S.6'

2 PRM! NrL&HADE
70SO fti F MAIIHO 

;,42 '. % ,(HI**)

F.S

SPRINT CTONA S DATAOW IG

WRIj IO 3 1 16TN!BLJ f Jt*IK
so~_ /gjX!1 1O11.oTRIM6311

F~r **E1,!pY- FIX)

HTE6 10 ) IAJ
170 A M jrlI / rr:AS I OFI

20 i & V A4xi AIXlX ltSZX)UP6. Al. _

t100 ~ ~ 0 TO 200K( I

(1111 X5 1 6 FIV1



I"0 FO RATI IHN I"HTS RON HAS NO JET)
4!8~I'~O~ )NJK (1). IK ),ACTE(K:THETAEK4

21 ~q T 10 HJTEd LE S 13 z 06SX,'.HDJ a1 0 HT~ ~g:,F10.6 ,5X,7HTHETA I)
)/lg (B1 ( I JJ+L.I ,NJK)

1 .5.1 GO TO 2ZU11 j
I~~ ,101XTJJLi Lal NJK)

'R-T E16" 101 D LI JJL.L NJKI
220) WERIJJ.. .CTE ,I) _N

RIT 16, 180 1 "TYPEI JL Z ,LJi,

IL

230 1 ITI 0 DNE ZI

Ui cT@ 01 IL 2 2

ICL, 4 WiI NEXT a NEXT * Z.IL

, I . ,IL z=2
IWJK 0)! OT 210
XT itL j 0 .S Q NIJL NEX *2*IL-

240 1II ItN) .GE. NEXT) 60O TO0260

20so E , 1

260 NT jUE

0 ROUTINE INCOtPINCASES ,IR)

k~o~ J~*1ANE A IT !W iR!ISMANITD
THIS Sl IT NLUP YO 4C INATI

C 0t1t, 4/COMP0S/FACTORI 10,24) ,NCCOtO/NOA T/LIJN

IIINSION f6WI10),NOi0
INITIALIZE TE ARRAY OF FUNDAMENTAL CASE DEFLECTIONS

M

i A TON RNPH ) 
0.00

RH I II CASE DATA, CONSISTING OF FUNOAMENTAL CASE
0E ECZtS NDGREES

30NC NCC + 1
EADLUN 40, EN0=130 I fNO(N),PFUY(N),NuLI10

C .HE TN ff, of-Y o DATA
FINC .T ZY iO TO 1( 100
i9 N i10

IINU (N) .1. NCAS ?TO S170
INDiN) LT. 1GO T

THE ATA IS OK. DEFIE FACOR.
IN a NON )

60 FACTOR;NDNNCC) a FUNNY(N)

.3 T LL INORC COMPOSITE CASE INPUT VALUE HAS BEEN

C IHE8 NTHE INPUT DATA HAS BEEN REACHED

__ T 4 I 24

. l -o - CASES HAVE BEEN REQUESTED. READ ON ITIL AN END
10 ,RTEb 20i)
1O FNT(HO,0, HI0RE THAN 2L COSE CASES NAVE SEEN IWUT.1O TO 3 5WnEQUENT, XIUUTs ILL BE IGNORED. )

SO TO 30
AN END OF FIE HAS BEEN READ. PRINT A MESSAGE AND WUIT.
130 ARJRT 6 40)
10 F TIH/// 3X SHA END OF FILE HAS BEEN READ OUR1N,I][T 21H 10111001 TE ASE IrNPUT)

* 1UR
N

BROUTINE BLONIN( JETFLG ,R)

~ &IJHK aU tUTNREASTH SECTIONAL JET SLONN RTESCHUIK)~ c J I ClRIK))

HI10NARKfl.OS XRONSJNT ,T ,tIAX (4vO I ,NJ(401 , ZN(40 1,IJ(40)

J0) ,CUW! (40 N 46PP M I6)
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C EA TE tI TA ONL FQ1O5KTN54C HAVE A JET

Is IOCU w ( :LT. 800.0) 60 TO 30

fARA. THE DATA INTO TH4E PROPER SEQUENCE
no050 K - I NRONS

j~IV0 ).. 0) 60 TO SO

rS hI0F FILE HAS BEEN READ. THIS RUN IS COMPLETELY FINISHED.
~ONTI N l//41X,37HN0 MORE CMJ CASES HAVE SEEN REQUESTED)

1 COM0UINE STAGE 2

41ISI OF 42SU J& TO AND SOLUTION OF

COt*ION/SPIRIT/ NEIRIAX ,NEMCIIJ,NOALFA ,LOGIC ,IR

S OM LTHE SYSTEM OF LINEAR EQUATIONS

E S II11E O F LINEAR EQUATIONS
04 R ) 60TO 30

STHE SO2ET~n HANOBENC PLTD RETURN NORMALLY TO MAIN.
"* HA L ULIAN

A FATAL JOROR HAS OCCURED. RETURN ABNORMALLY TO MAIN.

iCIrIMCMU E .ST GO2T1

CTII ALLTIANGULA , LEAD NT DETFAR-JE E ELI

CAL I$SM IIIIIZE)A I,1

IN EHM ERDER0 TO 10P ~R~~t4EICS
F, NEHAX G T. N) CALL EWFZNXIENN

DGIO T~ LCso

C
E C VT TH D LAI IWUC CO FIENCE OT LL HOj PINS

10 AL TR LEAING DGE R-JE E E122



80 CONTINUJE
THE "ATRX DEVE P
SPTH T MIX YST M h THE" PRUE F&M FOR SOLUTION.

IUROUTINE DfNSHIW,ISIZE)
THISSUBRUT~E CACUL TUE TE POfMASHA N!LW1i COEFFICIENT MATRIX.

STN HMAYT I IT&ST P THE DIRT CCs RAHmILE.

COPNHTHEWNASE tZYtl PRIrTj~L 6TP IIG

IC011NGE N(1114 p.jR 40 yD jfA14j,XE i xii9 u )DEL bO)
bOOkR)v 0

DIMENSION W I It

SCOMPUTE ALL THE D01NIASN COEFFICIENTS

10O m tR. r &
1 T0 - WNG - AMD - JET DWASH)

*f.fljAC CONTROL POINTS ON THE MING AND JET

C FINDOIVIWR E UeCOMMENTED OUT BY JAC W

C KI z KK(I)
CYCLE THE VORTEX POINTS ON THE MING AND JET

005)J - 1NMAX
C COtIPUT THE GEN RAL G-OMETRIC PARAMETERS

Li z KKIJ)
20 X 2 XIII) * DEL13I*CHORDIKI)/2.00 - XI(J)

.IYE J/10

DECID WHCfH EVD TYPEl U"ISE ONLY THE TRIANGULAR PART OF HINGE

JS AR aT I , i 1 0 ); IT E Wf;D Z M 1AA
1 3OF, 1/39 4HAN E&'JVALEiTIAUARDtASWA USED)

JE REJAR TRIANGULAR fj8DICLUDIND TRIANGULAR PART OP HINGE EVD)
SO P1=DELI* F1D

~NI 61 II 4 NIE1KJ)1
FIJ6 QJK&8A 1 ,IELIIINI) * CHORDIKJ)

01(J a (VIUY) O O( DELTIK
& PRYHPOSE V aHdt;AH?1 dhTHE LEFT SIDE OF THE WIND IF THIS IS A

SYMETI- OR SO IC CS
PiF IStII .GT. I TO CSE

70 r 9pDhAK)

C
C QEA INDGE EVO

~0 812 2EIPCOOK
C0W Sa EJg2IX'YYSDZ ,ADLTAI KJJ)
C ISY. .8'ET'81 GO TO 130

YY = YIKI) 4 YIKJI
100 WAVrnY 2E02fX)YY DODELTAfKJ1)

F(ISYMH L N UttIY a -WOUtIIY

1A - JET EVO
1,8 01 DELI1J-21 * C0H~RI

C) a V~ As"AYIfAD P , DELTA(KJ))
F .SM-f*GT. 0)90t TO 150
y 1 9 Y(KJ

130 HO 1YK KJE K~

STORE THE DONHASH AT CONTROL POINT I ON THE DIRECT ACCESS UNIT
160 WRITER I M~~RITE) W

ZEIZRINTG .O0) Go To19I 0I. Q I11 WRITE(b 10
170 JEMT1A 1"E - DUE - T0 - WIND - AMD - JET DOHNMASM/)

NqRTE 6 Al)I W
1S0 FO BI HI SSXP 16HMATRIX RON,I*,-6O4/IX,10EI3.S)1
190 NO

THEJIRE T ! 4IH T NOW C1 ORDS)~hfj

IIl

STHIS FUNCTION CALCULATES THE DOWNHASH AT ANY POINT XsY
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RE ARAI TRIAI hAR EVO ELEMENT KITH UNIT PEAK VORTICITY,

REAb) x SQRTEA*A + SWI)

CAL fflTE ITNE BASIC GEOMETRICAL PARAMIETERS
V Y . I,0) V*-Y

FA1 .*D1,D't 'L0 ID-l./YPD)
10p ~XE.0l,2 - ./1~08.;) GO TO 90

30 *Q~*BXYM 1
aIP 3EXvDyPDU')

g8ARTE T % D"m
YRADTR0=1y - (RPP9 IY9 IHR9P

50AT mE 04,11 /AOEIM,1 /YP.1P RT

/AR8 VP * LE PDRB MN W11X.W11P1
60 PAT6 1  I ALGEPDRP/X*OP))
70 FARs my)/( +A1RP/XRP

SAR9 I fyp P NA+~lUR PPI/E"p
S0 VOl -PRT1 *0 jRT. PAR3- U(PART4 + PARTSJ

lIEI,4 PART6 -ARilPART AT - AT9)/02)) / 25.13274

Vq -PARTI / 12.56673

MEJCTI0N EVD2(X,-Y,OELOELTA)
TH SFUNCTION CALCUATSTEDI*AAA N

DEA LEOGE G E ELElIENT ITi*i "AT AVERAGE O'RTICITV,RUAT ATT MiIN 0

CDIMENSION S11 9),FACTORI 9)

REA ,BJ 8 B0RTEA*A* W
;E 930SORT IA) -

C (A) -1AQAI/

DATA 714-0V 3*-211 4,0~.03,

DATA FATR89 14t 6 0'.330Z394p
1 1FNC006105116 60. 81744/

CALCULATE THE BASIC GEOMETRICAL PARAMETERS

1 4~'T' DEL

20 F I I 00.0) GO TO 280
30OROP= ExBK
40 ROPP *RE,VD

SCALCULATE RKX)
IFAB$EXb) .LTI

50 AR~ I 2TALEsSEXM1XDl
ART1= X5 * PAR0

IFE 16T 9
60 SQ x iltI ;0

RK 2.00 / SQX * ATAN4l .00/SOX) 4 PART1
P0~TO ;

0 II~ E1.00-SUX) /E1.O0+50X333 / X *PARTI
t0 9K2.86294

$L EPIXB) _ ROPP/YPO

Ga TO Alli
100 P x 0. 0

JAL VLAI FXB) BY )0ARIANXINTE !A I o ON. 0i
C XB IS NOT HITHIN Ml'E X DIENSIONS OPVERELMENT.

F30.00
140N"s 1 9

1L20 I (SIEN)+ .00) / 2.00
)0IS = X-3
GS i GES)

1 0 P A T a G$ ERjiS, H j- OP )) lM - l0S*IR I) @S,YPD )-RO PP J IW Y P D

140 jF

I S MITHIN THE X DIMENSIONS Of THE ELEMENT. CALCULATE FO.

Gpox 6 .00
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r~pl3-. 00.OE043 GO TO 170

PX =GX * (ABSSYti)RIP)IPPX = GX * I ABOIYF0) - ROPP)
i6' I r~,jr .- 061 GO TO1 7~1

C 1 JLT.oaY AU2 APARE'RATION.

180 SB - ISMIN)j .00) / 2.00
IS z

10 1 F(ASSIIS .LT. 2.OE-O4) 60 TO 220

200 ART ElGSNRimpylSYD)-ROP) -GPX)/)q
10 PARIm *(NRI O X ,P)-ROPPJl GPPX) / GS

PARTS PART4/YMO - PART5/YPu
22 2TO 14022 ART' I SYHO) - SYPD) - PART2

PART5 m IA 00 *0. R0 / (SORT(XB) *N3
30 T a PRT4 P PTSI'. a *F1 FACTOR(N) *PART6

0 .50 * Fl

RA V h!P~ F) /18.4956

280 ED -1 1.0O/YMD - 2.00/YPD) / 6.28318S

KtJTION EVD3(X,Y,DE L P ,DELTA)

JIISFVNCTION CALCULATES TH E L"ASAojT AYPOTYDU
A EEVA ELEMEN4T WIITH UNIT EI VORICIY,LOCATED ATTHlE ORIGIN

C RIAB) z SORTIA*A + BitS)
C CALJVLATE THNE BASIC GEOMETRICAL PARAMETERS

ly. T 0.0)Y y ay
YMO * Y DLTA

l PPA , -UO

C BHECK ON INFINkfIT *D)*Y.0/M 0/
IF(IXP /YMDI**2 .GT. 1.0E06) GO TO 160
XPl +~k DEL
'P xzRlX VHOl

PP-RkYPD)
30 RiP =RIXPg1,YMD),

RAP p RI XPD 4YoD
RDPP = RIX06,YPO)

CALCULATE OP040 PRT 2 R RP YHD - ROPP/YPO
PARI u. 50* XD+1.004 * (IR§- P/V D R1jP p-RPP) .ZPDJ ,

so PAR'4 : ALAAS(((VNYi +(P*RPI * ((YPD 'I+OP )
PART1S = Y" /DE A (XP 1, 1)1+RP 03/

60 PART6 -P/E 0* ALASIXPD.RP l/(X.C0;))
70OFOPAR 1-o.S O*PART2, PARTS - (XD*..0)*PART4

C 1 -001PARTS-PART6)

C CAL ULTS F
MA XR /0) .LT. 1.OE-02) GO TO 130

C X I NOT NEA -D
= D/XPO

so PA Ti -D *0 *11-00/YMD - 1.00/YPD)
PART 0*PRT

90 ART3 I : JA L~ ABS( (YtIDROP)/IYPD*ROPP)U

fl A P R MO/ P*AL UAS (-XPDRDP l RU. D I ROP 14D )
20 1PA i *AT-PART3 4Q * (ii PART4 - PART5

C X i A0 IR 1
130 X -- (XY

R(XA, RO P
IAT *&T R W2VH - P ROPP/ A

140 F1 x -0.SOWPAR 2 - 0 50*IPART3 *PAIT4)
C CALCULATE THE D W ASHIFLUENCE COFFICIENT
C

IS R -(FO # Fl) / 12.56637

160 IV3n-PARTI / 6.283285

END
FUNCTION EVD4X,Y,.D1,D,DELTA)

THNISTFUNTION CAL UATITHE DONNHASH Al~L
C UET AHIG ISLE WITH ONE RA MDaAL

jLOCATED AT TE~GIN 0#0

DIMENSION SI19),FACTQr(q)R, ASJ = ~R(A*A* *8S
CHANG firlt) 0 so N IC * lB-A) I 164))

W~T) 0.50 I -D1L/D1I1.O0-SIT)) 4 D2L/D2N(1.00,SIT)))
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I A*) z AL (ABIAl)-HlA*A
DATA FACTV ;0: 111 '4 1!13~8 _; :3

1 8.312 471~O 660 6~ 1~62" .017~

SCL!Tj PE.9fi1CGW0ETRICAL PARAMETERS.

11RO * xi

20 y 0.0

!0 5 14 1,

1 1 2j~ a RK* K

T 1ASRK/K - LT8 1E27) GPLO TO 1020L

M TkIT'W. 1OE) GO TO 00

0 =L 0

0 * EX1.09
IFKPL Ea 00 TO 100 I

so 2 I -(AT, IFL/G £n IDZ) I X 210))u Z J n A O I B I/

10 FABI D1K/AX- 0LT. 1E-7 00 TO 10

140 (FA~~AX-1. ,.T. 1. 0-04 1 GO TO 180

KI E- ALTJIN im # AOGEo5K %- '.6401 "IX IDLD ) + Ix +1 00 OIL ) * IRp(AS * R/))
A (XR/YD 12OP/YD

loo IF AB T

AL A RK 61 ivO'

O~zN 19
22 HYaCANEIALSI INN)) O() S*)

AL A*J lFACTORINPATIN6TOI
140 VIILX.AN.104

14 LAR" N UNhL IA*GT FLXT

4p 2 .N0 * BLS!I) RK

260 PARi A ,M -R /1SYPD)-RP * YPD-O R)KSYD-OP

T . b126



FR *FR + FACTORIN) * PARTI / XIS
270 CONTIfrUUFR: 0.50 * (BL-AL) *FR
280 F *FL + FR

GO TO 460
SX Is WITHIN THE DIMENSIONS OF THE ELEMENT

GPPXx .0

FAXB LT. 
2.2%04) GO 

TO 310
OX SORix) - 1.O/X

= G 
I X )PX a GX * ABSEymp)-Ropl

PPX a GX * gAW~Y D)-ROPP
IF4U11.O-X82) *LT. 1.OE-06) .OR. (IXD1*.1.O) .LT. 1.OE-0611
1 ~T 310

3001FO . _-j PX/YMD - GPPX/YPO) * ALOG(ABS(XMD/XPD))

J5 3 SfDj jTEGRAL

~b 37 N - 1 9320 SY m. OUANG ALMISN))
%?S x- SY~FIASSXMS/DB) .LT. 1.OE-04) GO TO 350

30 ART * S R IRXMSYMI 1-ROP) - GPX) / ms
340 PARTI : l* IXS (Rl IXDRRPP) - GPPX) / S

GO TO 360
350 PART2 ROP/YMD - ROPP/YPD

PART. (S(YMD) - SlYPDi I PART2) SOX

110 FNTIFL FACTOR(NI PART'.
0 0.50 *IBL-AL) * FL

3JGHT SISE INTEGRAL

AL = 0.00
Sh 440N - 149

390 SY x CHANGE(ALBLSI(NJ)
XHS = X - SY
FIABSIXMS/DB) .LT. 1.OE-04) GO TO 420
s = G, SY)

400 PART2 u GS * (R(XIS,YtIO)-ROP) -GPX) / MGS
410 PART3 ( GS * IRE0tIS YPD)-ROPP) -GPPX) / XMS

PART'. PART2/YMD - OART3/YPD
GO TO 430

* 420 PAR 2 * OP/YttD - ROPP/YPD
PART'. = (SEY1ID) - S(YPD) - PART2) * SOX

430 FR : FR + FACTOR(NJ * PART.
440 CO 4TAJE

FRx 0.50 * (BL-L) * FR
450 F *FL + FR # F

* CALCULATE THE DOHNHASH INFLUENCE COEFFICIENT
4.60 EVO'. = IPARTS * PART6 + P + F) / 19.739202

RETURN
END

C SUBROUTINE SHUFL1(HISIZE)

CTHIS SUBROUTINE READS THE PORTION OF THE DOWNWASH MATRIX WHICH
CCONTAINS THE D05144AH DUE TO THE JET, AUGIIENTS IT ACCORDING TO

C THE CURRE14T CPlU VALUES, AND WRITES IT BACK ON UNIT 1
C BEHIND THE DOKIKASH MATRIX
C

COttiO/MATHEW/NCASES ISYMtIPRINT ,JETFLG, ISTYPEIHINGE
C0IIION/MARKI/NROWSN4R6HSJ,NW,NJT NtIPX Nwi'.4O) NJl40.OIH1W40)tIJ(40)
C~tO/GEOI/Y140 ),CHOROI4O ,DELfA'.0'),XB 166),XI(6 0),DEL 600),-
10(40)PKK(600 IIfYPE(6001

COI*ION/JCASE/CMUl40)oC1MUPE40I 0CMUPP(40
DIMENSION4 At 600) AIMIE O0 )P ,H SIZE)40

C
NWT1 a ?IT + 1
FIND(I'NWT1)IF(IPRINT .LT. 01 MRITE(62 10

C10 FORiIATtIIHi 42XI,36HAUGMENTED PORTION OF SOLUTION MATRIX/i)

FPREPARE THE SOLUTION MATRIX FOR ROWS ON THE JET

C H WTRFRIENTIFYING ELEMENTS ON TH1041TC IRI H To F TER FOR OONNASH ROWS ON THEJTSRD ON hiT 1
C IIT 5 THE COUNT ER FOR AUGlIENTED ROWS TO 8E MI N ON UNIT

20o IREaD NWT
IWITE z MAX

30 1 NA

A II + I
M RHE IMR TE +.I

C READ THE ITH RON OF THE DONNHASH MATRIX tIREADTH RECORD)
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4REA( REDN
IND THEPi ACE T RITE THE ITH AUGMENTED ROW j4WRITETH REJCRD1

F ND(IIINRIT ) ~**COMHE ED OUT B *

F SAVE THE 5XIS ING ROK OF SIMPLE ONNHASH COEFFICIENTS

50 CNIU
SUBTRACT THE PREVIOUS ROW FROM THE PRESENT ROW IF THE DOI44ASH POINT

C is NT? A LEADING J T ELEMENTHR
= CMIPIK 11 * HDiRIK)

60 IFI EQ. IJIK) J TO
A t ) - AI! IJ

70 CO44NTI (' IIj

EMOD I Y THE TMO 3R THREPEALEENTFRTE
C ONNHs R POINT S5DM A REGLAR JET ELEMENT

SO WI m11 WII) + Cl *PR0O2
N( I) a N(I) + C3 * IPRODI * PRODZ)

N I N(II)* Cl * PROD2

C DOI44WAIM M ROL POINT ISNA LEADING JET ELEMENT
90 Nwt mn 2100*C3*PR~

WI P)l = NIIAi) + Cl * PRODi
GO0 TO 110CDONNASH CONTROL POINT IS ON A2TRAILING JET ELEMENT

10I t14) 1(11 * " ROD2
C N ) a Nil1) *0W11 AI IC3 * RODZ + CMtJPIK) * D(K)

C STORE THE AUGMENTED ITH RON4 ON UNIT 1 (INRITETH RECORD)
1I NWRITEC I IRITE I N

C ilo ND TH PLACE TO READ THE NEXT DOI4IHSH ROW IIREAD*1ST RECORD)3
C PRIN TH AGED PORTION OF THE "ATRIX* F(IPRINT .LT. ?0) WRITEC6,1O2)I'4 l013S)

1 20 ORMATI12HO,5SX,1OHIATRIX RON,4,6(/11E35)

C SAVE THE ITH RON FOR USE AS THE I-i RON ON THE NEXT PASS
130 DO 140 J a 1,NMAX

AIMll~ a AIJ)
140 CONTINU3E
150 CONTINUE

RETURN
C
C DIRECT ACCESS UIl NOW CONTAINS THE FOLLOWING -
C WING-DUE-TO-WING AND-JET DOWNWASH COEFFICIENTS IlKT RECORDS)
C JET-OUE-TO-NING-AND-JET DOPMBASN COEFFICIENTS (NJT RECORDS)
C JET-DUE-TO-KING-AND-JET AUGMENTED OWI4ASH COEFFICIENTS (NJT RECS)

ENfD
CSUBROUTINE SHUFIZI WISIZEjNEHMtAX)

C THIS SUBROUTINE READS EACH MATRIX ROW CORRESPONDING TO A DOII#ISH
C CONTROL POINT ON THE JETj MODIFIES IT ACCORDING TO THE NEW VALUES
C OF CMLI, AND RESTORES IT IN ITS ORIGINAL PLACE
C

C011MON/MATHEW/NCASES ISYlilIPRINTJETFLG IGTYPE IHINGE
CO.'U9ON/MARK/NRONS ,NR6WJnIITNJTgNMAXiNNI40) NJ140 ) IN 40)PIJI 40)
COIMONGEOM/Y(401 JCHORD I0)DELTA44 '.vXBI.63J,xi(6,5o),DEL(600),

1( D40)iKKI600),ITYPE1600)
COMtlONVJCASE/CMJ (495 ,CMUPI 40) CMUPPI 40)
DIMENSION W ISIZE)

C
IFlIPRINT .LT. 0) WRITEISj 10)

c10 FORMAT(INH142X36AUGMENTED PORTION OF SOLUTION MATRIX)

C CYCLE THE AUGMENTED MATRIX ROWS
IREAD = NI-AX
PSIT I z NWT + 1
00 100 1 = NWT1,NEWIIAX

j!gF cREAD + 1AIEAD 3
20 1~~

30 CMU.iIDIF*CMUPIK) - CHUPPIK)) *CHORDIK)

SREA" THE ITH AUGMENTED MATRIX ROW
40 RAD REDN
C FND( i' READ)

C MO IFY TI TIOR TH RME 8PES AL ELEMENTS ACCORDING TO THE HNE CHUi

I ~ INJIK)-2)) GO TO 70
C SOO'TI4 CONROIL POIN ftSON A REGULAR JET EI.EENT

=II NI IJ + 0. 150 * DEL(I 111 * rJI

C" +O1  *8
1 O 30NTI ON A LEA N T ELM ENTMWI
a 3M 0.375+0 DEL FC9~

I4IIP18NIE .a.25 is DIN CIJ

C 9OMA*IACCNTLPOIN IS ON A RAIhING JET ~LZMENT
70 W(IMi a WI +11 . 250 * EL1I1i a irJI
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Nil) a WII) * tO.S'5O*DELUIM1) * D(K)/CHORD(K)) * CMU.DIF

C WRITE THf REVIED ITH 1IW ON UNIT 1
60 HRITE I1IREDI N

RETU N

~UR0UTINE COLUMlI CASE)
T~i SM UI SETS UP THE RIGHT SIY CO LIMt MATRIX WITHOUT

CO I TIO 8FANY HINGE 0#*4ASH INFLUENCE
COIMON/KARK/NR0HS NROHSJ~Q NM J1t211 It0
COMtONVGEOMI/YI (40 ,CHORSM ,NWT jf(4 ft,46)JT,

1 D(40)tKKI60f E160301
OMO/CS3ES 18i0 ),ETA( 600,10 )3,THETAI4O,10 ),TMS(40v10)

F D~jo~lHj ELIMENTS ON THE MING

20 tat.SE 'ESILA / 57.295779

NK= NTK

IF(NJK .E?. 0) GO TO 40
C FIRjTJfTELENT

KKI t KKtI1
20 B(I LCASE a THETA(KKIPLCASE) /57.295779

C REMAII~NNG JET ELhEMENTS
Do 3L 2 K

34I LCASE) m 0.00
30 CO4IIUE

40 COtjTINUjE
RETURN

C BMROUTINE COLUM1HISIZENEMMAX,LCASE)
C THIS SUBROUTINE ADDS THE APPROPRIATE HINGE D0I44ASH INFLUENCE
C TO THE RIGHT SIDE COLUMN MATRIX

C COLMIARK/NROWS NROWSJ NHT NIAX i#(40) NJ(40) IHI4QI,!J(40)
CODMi0N/GEOM1/YI4Oij,C tRD' L A14 XB6 tI )0LD)

1 0(40) KK(60 Y (60
COtE1ON/FCASE3/EPSi900s10) BETA(6OO 10) THETA14vOvHS4vO
C0J1110ON/JCASE/C-*UI *0) biUP('*o),-CHUP0I 40i 01 ,TS4,0
CCIM04/SOLV /1/2 10
DIMENSION H(ISI E)

C
C DEFINE THE ELEMENTS ON THE WING

Do Io = 1,NEPMAX
LSE) a B(I,.LCASE) - Nil)

10 COaf INUE
C
C DEFINE THE ELEMENTS, ONTE JET

FNEWMAX .EQ. NH)RTURN
I z NWT
Do 90 K a1,NROWS

20 NJK = NJ IK)
IF(NJK .EQ. 0OlG TO9

COMMUT THE CMU NLUNCE FACTORS Hi AND HZ

R:8:88
IF(ABS( TA) T.000)GO TO 50
B TA = TA / 957879

30 8 2 bAl~G) COD

PROD *-CMUP(K) * D4 * BYA / 3.1415927
40OH1 aPROD *(61.t931 71 .SOD

C0 N~fiT ON THI JET z 810
I vCASI I. z j IJ5 #SE 1 "

SIC~f LOIN ON THJE

60 SC CA~b - SfI,LCASE) + N(I-i) * 12
C REIIAIWNG DOINTS O H E

IF(NJK .LT. TO 90
$0e L z iNJK

70 811 [CASE) a B(ILCASE) + 1111-1)

90 INNTINUE
RETIUR
ENO
SROUTINE HINGE IH ,ISIZE ,NEMMPXLCASE)

THI " OUTNECALCULATE, *AS INIF r COffi CIIN@TShAT EA N DOWNHAH ITR TO ALL LIIE,
C o FOEACH FONTRO IIN FhNCEC0EFdj~N TPD

C THI EPETV EFLEC;S0t4AN LNAND 61~I UP 0 CSTA h
Cw CLT qIG-INDUCE DOHHAH.
CCOttION/MATHEINASESISYMt,IPRINT ,JETPLO ,IGTYPE ,IHINGE
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so E4/FCS4P/('ZO )tooiETA(60OP0,oTHETAt40,10J,THs(4*0

I I N E P O N SOaH W N E

SYC~ &H VOR30TX PINTS; ON THE MING AMW JET
JHE K3WHETiHER I E I A DEFLECTED HINGE AT ELEMENT J

0 aBITAIJ, S
tAR E8 0001) GO TO 100

LIO4TE TE GE T IC PARAMETERS

'0X .1 )W_ j1CHORDIKI)/2.00 - XI(J)

Ni= (IJ-1 * PROJ.

60 Pt I TYPE E .. j I JVIE~l~J * jnRD(KJl
C 0o ! AND ,L1 T LP 4 Ituf 1 L EM )isT

C SUPRIMPOSE Dwt't#4A H Fs. I10TRIOR AN ISY TRIC GEOMETRY~FtISYMM A. T. 0GO TO 100
TY K =YK) 4 Y(KJI

s0 vDNI E EV4(X Y I D1D2,DELTAIKJ))
+FISYM .LT. 0~ Hly WY * HDUY

90 IlI t)4HDI*WY * B
10 CONTINUJE
PR10 CO TI. AS

~ PRNT OT TE DOt#4AH IF REQUIRED
N X~r!Tz EI R 1 TURN

AlIV INS+NEXT) LT. 56) .OR. (ILINES .EQ. 1)) 00 TO 120

ig 2IP~~T LT ) RT I613 LFA$EH
130 FRlAT4h0,55Xj4yj1,,44HIt0 NLUCE HOFNCIENTS FOR F1.4DAMENTAL,

1 SH AS , 1361 11E13 il

LIt, iJUTINE STG2S1
STHIS PROGRAM CONTROLS SOLUTION OF THE MATRIX SYSTEM

~~~~~ Oit/ATENAEISYMt1,PRIN 4ETaL;IGTYPE,IHINGE
OON/ OPIRT/NNANpCUtAALcI
lll %IOLVI 60 AMMAE 6i0

OJIENSONWE 00,SI*IRE 600)
C IFEIPRINT .LT. 0) WRITE(6, 10 1

C10 FORtIATE1H1,S3Xs14HGAMMA SOLUTION)
C SOLVE THE MATRIX FOR GAHMI USING MATRIX

MSIZE a 10000
MIN z 2
NSCRI a 3
NSCRZ z 4

20 CALL MATRIXI NEJ'WAX NCASESNSIZE ,NINNSCR1,NSCR2,IR)
MFEIR .E. 2) GO T6 90

C MATRIX HAS STORED THE SOLUTION I N THE FIRSTSRAELCINSOTHC N(AREA ARRAY. TRANSFE THIS DATA INTO THEGtA ARRAY.

30 00 70r N' * ,NCASES
00 40 J z1,NEMMAX
OAM14AEJ N) c WAREAIISI.N1J)

F( ~PRINT .LT. 0) CALBi(LtW,4tEwrlX
SO Oj110 ~ 6HF

PFR I fHC THE MATR ERRO MESSAGE
90 RI L .0) CL KU(

HRILEN6 TEM0
10 J,194 HI CMASE HA NO 1NIN CORETWOK

110ES N PREPE TRANSISIZEsNtENMAX)

THIS RUIE PA PAS TH FINAL MATRIX FR~UINB
CCONCATINATIUNIT WITH THE RIGHT S OE MATRIXOAND STORIING IT
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ON SCRATCH UNIT 2 FOR INPUT TO MATRIX.

iUjLV 114)[j(4
CM

REDTETRI C WFIC ENTS
.E;I0t. I I IREAD * MEIHAX

It!z R **R GO TO 5
s ?21REAO) (TRANSJ),JxlvEMSUX)
IVP HE lI~qJIDE MATRIX CMEFFICIENTS AND CONCATINATE THEN

I REC 8ARX1OUTO

C ISET XOF LIN EQUTNS 1LT OREAD O SOLI

IL T P
IV-- CLUATE T NXIWJI M. O RW5, 'K'Nj,
30 1 R KRE C TEL M A XS0LUL

ME 
NT 

* 0"~
50 ELLL GETTI~,1 EAM) ,A

L-Fm

30K (OR NEL) / NE
S- TES FORM EI THE R EZOA AfRR AY RI IS) I ICR

-MT RA KOS OFAITHE AMNE A'MTI

IF (K EQ.S) 00 TO 1T)U l0 D

8 - FORMIT THE 'TRAPEZOIDAL' ARIX ON8AP
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a 0

x *

7 LL AVEIT, 2N P, NP, AINS)* 1, AA2)

IxKORIE - NEL I

- - READ ANOTHER RON

12idGT81JA'NIHLP LENSI, Iv AA2)
- - HODIFY THIS RON BY THE 'TRAPEZOIDAL' ARRAY

~ 0a 1M
4m ;4lam,, gEA(MT)

so M AtA). AIM) ) AIN)

0i * *NELPI

- WRITE THE MODIFIED RON ON TAPE

100 I " INVLqlR ,v IIM', M14, A,.), 1 AA2)

-" - SITCH THE TAPES
NT a NIN

- - RE-CALCULATE RON LENGTH AND LOOP SACK
ILm 

LOOP BAC

Go TO3
- - REMIND ALL TAPES

1" III
t - - CONDENSE THE MATRIX

SIKlkQ. 1,00 TO 130
NT * NIL
M0 120 IS - 2 K
NS NS + NELP1
NT * NT # NEL
DO 120 1O = NS, NT
AENL) a Al 1)

20 L NL * 1
3N : KORE -K I

C; - THERE, IONN'RSCAN START THE BACK-SOLUTION
u oNOTE. .TH Fl AVAILABLE LOCATION FOR THE SOLUTIONS IS AINI)

NREM = N
NIL = NPH
LAST = K .EQ. N
NPASS * O

C - - SOLVE FOR THE AIGNERS CORRESPONDING TO ' RONS
C14.0 ~1 : KK ; I

NAir- -0SS.1
DO 170 M 1, M

AINF)u AINF) / AINS)

K E Q. 0) 0O TO 170
g1Do IB I, Kll

1N Sail) * SA 
NP1 AINF) " IAINFI - SUh) / AINTI
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170 CONTINUE

S- - MOVE THE SOLUTIONS TO CONTIGOU LOCATIONS STARTING AT At Ni)
N19=KOREM

N 8O10 MN=

s AL I NL -,N
WR- - RITE THE SOLUTIONS ON TAPE
WRITE NNIN K

200 kRITE' NI I (A(IO), 10 a NT, KORE, M)
- - TEST IF THIS IS THE LAST PASS

IF ILAST) 0 TO Z80
TNA TO REFLECT THE EFFECT OF

NO? Ealf1iirM AORI 1)tEECdWFREE TO USE
CALCULATE THE NEXT VALUES OF 'NEL' AND 'NREH'

NU aNEL

NHN NRE H - K +

ChUATE N K. AI A RATLfAJLNIA S INTEGERS.
ALE~U BE LCULARJAL 1A LIkIL

j*(K60LDlEM.) -KORE)
5 + s SQRT ~*- 4*C))/Z.O

LaRo2NREM - K+*
F4K.L LJRE) Ga TO 210A E

NROM = 1

210 N--H EM
a NELOLD + 1

- - READ IN THE ROWS TO SE MODIFIED
0 1270 IS x 1, WREN

719T.LE. NON) GO TO 220

S*****ADDED NEXT LINE AND MODIFIED CALL, A.P. SODERAN, $/l0/764HH*
220 HN=NT-N

CALL 6jTfj"T, 2, NN, AINS), 1, AA2)
Ih! A i - KLO

N2 ;404MN a 1, M
N2 2 HF
PA : NP + M

N I + N?! * A(NA)

230 NA92 N I A

240 Z) - At N SUM511
S- - NRITE THE MODIFIED RON ON TAPE OR CONDENSE THE RON

MO TO 250
2N 22 a - *L I

,M,% L o SAnVEI( OT 4p NN , NNI , ACS), NMI* A(NL))

L50 NF * NL - KOLD
DO 260 MN4 2 NL, NT
AINF) AITN)

10NF * NF

- SNITCH THE TAPES

- - LOOP BACK THRU THE SOLUTION
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G% TONL140

-- START TO WRAP IT UP
280 Aj~N NIN

S*VNOTE.. AT THIS POINT ALL LOCATIONS All) THRU AIKORE) ARE FREE

-- READ IN THE SOLUTIONS

2LE j V!TMN A. lPNM Al 15), I AA2)

C ROUTINE SAVEIIU, IT9 N, Ni,. Alp N2* AZ)
C DIMENSION AiINI), AZ(NZ)

TOR 0TO 6120,p20,930, 40 ), IT

'Ifl IU) Al

NRTyAND Al
20 R IU) N9 Al
30m Aftl, A2

.REI &IM

ItIROUTINE GETTlIUp IT, Ni, Al, Nt, A21

c DIMENSION Ai(I), AZINZ)
Q0OTO ( 10,v20,930 *40 )p IT

AD ISAND Al

~ISADEI W ANDA, Al

RTURN A

. AR1A l ,A

4 rAIUVD6A, Al

W!ROUTINE BAKSL5I TRANS ,SUMMERtNEMIAX)
THIS SROUTINE A SIT JITUT T E EFICfIENT ATRIX AND TH1 'lfLYTHI MA RIIXIEMTI FRTEPMOEO

~ YL HE R IWSIDES014

HE M IX AO CORREPONDN TO ELEMETIStii, ONTH iNS 4

0 R(NEIMAXX

CYC I THE TIS RSONADIGT ELMS O TEI

30 t~i ) + TRANS(J) * GAMAWJpN)
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40 CONTINUE

~ RIN1T ffl lf M,9T I RCOLM

ffi M ~ t I S OX ,j i4iI NT SIDE COL I4*601/ Xs1 El3.S) I

EtR0TNE STAGE3

JR W.2 IMjT  ENISECtA
T ION OF ALL LOADINGS FOR THE

2wiw~ii 1 KCH6R O )fy ,ATA0 ' 'IX 10,X~ *4001,DELI 400),

2 M I E 08 1 ;CPA 400) ,CPROI 400) ,CPRAI 400),-

1 I 5 u ilAi1 ,3 iRiil) ,EPsETA,4i,PiA~ld 1IiE54TA1,5) sCpp11))
C A q' lNW fgT?0 j5 1 N FOR ALL FUNIDAMENTAL CASES

10 E ALSTG3FCIUHAX
O 2 ~NN.I1CASES

IS USTG3FSI CLQ ,CMQoCMQC ,DUIl4sNENIAsNONALFApLCASE)
I0 M fA EQ. 2) 146*0 ) ET' NM403H~~ 4' CEFF fil Y-0 'E DUE TO PITCHING,

4 THA u , 6E ,F.1*XiHP 14HI N4NT LOFFICIENT DERIVATIVE ABOUTY ORIGIN*
3H TO PITCHINAOUXG. HIuF ./'No ABOHPITRCHA4AB0UIxNG JIOMENT OFF ERAT

5 3511 DUE TO PIPTCHING ABOUT XCG, CAW~1 m, fF .4) p
CALL STG3FT

CACUAT AM PRNT TYE LOADING FOR ALL COMOITE CASES

MCASE 2
S0 CALL STG3C(NENqIAXMCASEvNDALFA)
60 CONTINUE
70 so 0O 100

C
C CALCULATE AND PRINT THE COEFFICIENTS AND DERIVATIVES FOR ALL
C FUNDAtIENTAL CASES

80 CALL FLIJOERtEPS CPO CPA,CPROCPRA ,CPPDELCHORDv EY~ELTACUtRA

C CALCULATE AND PRINT THE STABILITY DERIVATIVES FOR ALL COMPOSITE CASES
90 CALL 80DRES.PjPPOCR P CPREAD,DELCOD,

1 LT U _ D, CWZ~ l,IJ,AwmxNJ ,4im~,
2 NCASNi!OAS,?CYM,XL2A'0 M

10 RETURN
END
SUBROUTINE STG3FCI NEIHAX)

~ THS SIRONINE CONTROLS CALCULATION OF CHORDHISE LOADING
C FOR F~E AL CASES
C

COMON/ATHEIVNASES,ISYI,IPRINT,JETFLG ISTYPE IHNECOtt0ON/MARK/NRONG1llR1IsJ NWTpNJTf N4AXN1 40)6N141*) 11(40) IJ(40)
CMltt0VGEO41/Y(4011 NORD 40) DEL A(40),XB(6O6),XI (660),DEL1400,

1 D(40)pKKf60O0JIfYPE(6OQ)
COMMON/FCASE3/EPS( 400,10),.ETAI400 101) TI4ETA4,0TH(i1)
COLIONJCASE/CMW 40)2CMUPI 40),,CU14l ~ A 01),HI4,0

CALCULATE AND PRINT THE CHORDNISE LOADING OF THE FUNDAMENTAL CASES
INIT ALIZE TRE UNUSED VALUES OF CP FOR PRINTING

MI a NARES + 1
RFI Cl .T. 1)0 O3

DO20 V : ~00TO3
1PI0 N) .00o MA

~4rIKNU 6  ) ~Go TO 70
40 F1L4?i 3 ~ 1244IS. 1142/

1 1X' 94 1HORD ELO"ADING FOR ALL FUAIUNTAL CASES 2
2 5X12(4H**A"'J1)

161"l,~ 0 K YlK COROIK,(NN=1, 10).,SCOt ,l.
SO F T . lo,5x, ,n E0 IO ,13v5,H ,Fu.,X7COD*FO
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ON aX,1NXSXZIS,3X,9(S)(,4NCASE,12),5X,4HCASE,13I

10 L I= 1,1W
N 2 1 ,NAE

so 2.0 I*Y C P(jj I j E 6 90 I XlN )C ( , )P 6 ,

IN LT TS~
I~ ~ IJ1O*RTE?2

110 IRMA(E LET)

2 ,NC0ASES

14T .LT. 1) HRITE(6, 90 1 IIqXS(II3,(CP1IIINJ,1O)
130 .00picmiI ,N130 S N2 ILINES * NJK * 1

SPRINT THlE DETAILED LOADING ON THE SINGULAR ELEMENTS

14SA UN? 00 T O 3 20

IS50~ TMITIIfH1 4SX,29IDETAILED LEADING EDGE LOADING)
= I ,NCASES

160 E(LCASE ,CP( IP,.LCASE J,CP( IP.1 ,LCASE)3 ,ELE IPX ,s8CPEX)I

(RE6, 901 H ,XBf N) ,ICPEXPI MN)3 ,N1 NCASES 1
BLINS a ILINES + 7

HSI~ rNs .EQ. 0) 00 TO 320

1620 L 31,IN(

F4YPE(J) aL. 4.0) GO TO 250

IS I I O K*( x ,1o4E(J DETA(J,N),

ir4IIS LhT. 46) G0 TO 200
RT16 14

190 W1 RHATI)

110 Ri" O42X 33HDETAILED HINGE LOADING ON ELEMENT!'.)

220 fi1 ; s,XBBE I) I CPEXPi HN) ,Nxl NCASES 3
N23 W a1,NCASES

LCAI Ea
CALL EXPH2t LCASE CP(J NO CPAJ41oN),DELI,BETA(JvN)P

230 1CONTIrE EODK,6 , E

MORI1 R6 90'61 1,XBB(H-S),I(CPEXPIM-5,N)N1,NCASESI
z: LIN S = ILINES + 22

25 ~(NilI .EQ. 0) .OR.ICMU(K) .LT. 0.0001)) GO TO 320
IjfA yp- )90~)G TO 320

I41 1) *( MI - I
CALL EXP"hILCA$ECPI&,)CI DEL(I1,BETA(J,N),

260 1 IN Wjicivms

i . 46) 00 TO 270

24 IF 1tiN 'OOX~,17H0ETAILED JET HINGE LOADING ON ELEMENT ,I*)

2"1 162 90 1 NINiB1),ICPEXPIHN3,Nu1,NCASESI
S~j0 N N a ,NCASES

EXP2ILASECPU 6N) C;4' N) DELIJ),RETAIJN),
300 CH0 IPI p PE

Crj 0 H 1 0

310 C m9j,)S H-SP4CPEXPI M-5,NN I 1 NCASES)
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320 INES ; ILINES + 12

~IiROUTINE STG3FS(CLQCNQCtIMc,CLLP,NENmiAX,NDALFA,LC 3

THjI SUBROTINECNRL S A jLATION OF ALL SPANIISE AND TOTAL

COi~4HTtEVCSSISY 9,PRINT J TLITPFHNE
COVM/-fHAR A A1 TM. T Yi aE,CRI I5KACCA (lG

l 1CGI41/Y 9o U~~~(af AIj,XB 6 0,XI(600 J,DE If003,

GH W10 k1 If~k~ISCZ~O

* r4 124

Cq
10 NN =

CIMK) IT( K CASE)
20 MOW Q 1 THEA iCS 3

HLIK LA LLN1. , IMsy

I*11 ,NEI

COMT 14 SECTONA LCOEFFICIENTS8
GOH 0) 0.01;A#11'0C

COMMOLA .101 .AN. iNOLFA NE. 0 AflgN(0 PHMB.00
60 vALLS~,AI /j HE 10T~ R

TLD IH 4HRDHTXLADT
iN CNJ CM ~T I JAYISIII I) I3CiIN

20 I )j RKYPE IIROSjY

E EIN THE CONSATSAIIYEIAIE
CLGj I aS 3

CCMGj ~fINkCASE)
C"' GICI NASES)

CO PASECTN~A CEFFCIENTS

60fMIABtt Q 16 1 ) LAND ALA0

AL3110 7 H .. ),* HQ N E OAG 1*1..

MRTE6, G vN4L,6X, AL 3

AL 3S~ 'OR VEIC 1 CL.JIK )jNCjtK3 C9KGA II~~
10 M X C L PK I OD K GII K M~1 3 , A L P I N F I K ) , K

120. FOYIT1 ,I* * , C F06, I *0 7h1.
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WRITE46p 10CLGIN,CLJ(N),CCLIN),CCDGN),CCDJN)sCCS(N),

130 1O AIIIN 4 W10H -T(N ,4" *7111H ------- /
1 R"12XSNT6TAL,ZX ,3F10.6,4H * SFll.7, 1X,F11.7)

PRINT &ITCHING MOMENT AND CENTER OF LIFT DATA

F( OFNRtS 1T. 21RIITE 16, 140

150ORM PHO,4XP PITCHING MOMENT........,OX,

X, 7~ IOW Hye ,C6X93HCHTs,7Xp2HCNp

IX MAX4F1

HRTI ilL3 IesY 1,1 V! (KI,XBPK PXC
(l0W.,AhC 91.52 10 SFC2L 10)p

1 CTtt(t/L0D7/ FFa N Mi PHlj$03,CPIN

b IN) Mj() N0.00C N

5CJIN 
O( X/.

CROITINE 0.00F

I IN)I I*r 0.00JE

I IN 3 0
CtII FN I il.'00SI f 6 L ll Rl

CLLGIN) 81 k00 oiN ll
IN)A ER FH

MIjWRi i1 liP,)l'LR 0)C2(O
1O J2X,34H J HaSE FICIENTS /RO FR PINTINGS)

i I~ Iou 01.)

I 1 0IF :i cJ F13

5 I D F1 ),XCS 0 s7 CCB 1 ,tG

50 RE
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IO"iL8AZ%~' kI&I'CtOMPOSITECCW2IS"' SU*IS AND

ARP 51~ 4PiN .jTF VY9514HjN"A JY (140)

Jei/ KMAR ~AN. fA JAl 6P 1 r ~wm
LI, )fg NL4O NT

6Xf1 'J? I 4E IN
* 1 VrSZ ~ j~.~ jf( 12 OjV IG L~TNHT

A to IIU Ls,~ )CHUPO(40)
IV 1 ;;j,! NC

44 tO OAMA9 60TE140),
CWIO11VMLOA / 4~14 ( IMI

I Mci 48 411 S) I It V~'
/LO /6 O K O 00eB ~ise Nl CICM1

CWO/ 40 6FF O 0&04)

/L29O X A~ X0,I i CC x4 malp 11m;403 CAFIO(0 600 (4

SCALCULATE AND PRINT THE CHOROWISE LOADING FOR ALL COMPOSITE CASES

iLNs 0 NN

WRI0T(';l x 6. 1144H** *
37XVHw CHORDWISE LOADING FOR COMPOSITE CASE .133H4M
17X,1E4*W*),1HJ

20 NR4ON4tju2 , WFAhlfrIJ 3

2 WRA J: . 143IX ON H/1 X,1 .6)Y&~X9SZ~ 1.1)
2S F M fAj7H* NOTE *'.* EACH LEADINgE~W AU ST~

1 4H AGE VALUE OF THE ASINN)
J F(IHG .NE.0 RI DL
2ORKAl 12ZX IFAC1WRT? A fB RGULL

27 90RNATII14,1X41D NOT PLOT THESE LOADING POINTS DIRECTLY)

SON THE WING
NW1 m 1*1(K)

30 10-5 * k = 1,11K

Ri)=0.00 TAE

SPl) &Z CPOE Id tPI,N) uFACT(N)
40 ONT F U
50 ONTIIJUE

00601 GT.J ,110TO7

FCT IN3UE

Ox RT 3 NH 12-N0ALFA) * 11*I/i01
Fl C? J(K) QT0.0) XT a NEXT* 4 IZN0ALFA) * ENJK)/I10.1) I

( -LNE I .56) .OR. (K .EQ. 1?) GO TO 9

90 IN ,( )CODK

100 1FOR 2N~i4 a) ECT0,3X3H 2,F1O.6*5XHCHORD RF1O.6/

10FORTIM 10 X H 1f12J6 1 /OX1
120 FORKAi 14 ,ZX B6) 12.631/OXlOF .6))

MII L6 1. 0p) RIEJ 13J2C) 4 414
1 30 FORMA T N , x , 7 CP IA-.1),1OF 1Z.6 ,3 1/1OX 10 2. )

SON THE JET
NJK a NJifK)
F , 6 (tl.JT.0.001) 90 TO 1I"

140 N .. JKLA E

~ ~FE~ JCAMM 4+ CP(IX.N) *FACT(N?
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170 J ( JK)
31z : jK) # NJK I

280 FOIMAT~ 14H JET)
N)IT 6 8 B J) JUsJliJ2) IPI)JJ,2

190 A .T 0" tf?,il)IP()JJp

SCOMPUTE AND PRINT SPANNISE AND TOTAL LOADINGS FOR EACH COMPOSITE CASE
DEFLYE HE FWIAHENTA6C#SE VARIABLES FOR ALPHA a 1

IFINALA .Q. GD 0OT 250

200 IITKJ ) 4Ii

210 ~TE Ki *

220 ~Ari2H- J~i

23 f NaE11 i
23 P& IA COEFFICIENTS FOR ALPHA 1

.Bi CM THTE&T XCP .XSCL,

COMP[UTEC VC
CAL l L I 'C D .IAUN3-J CLS ,CAM NRONS ,IHINOE)

C F NLL..IS ANN FOR LPH

2ss MOULT A ND R&TEFUNJDAMENTAL CASE VARIABLES FOR ALPHA *0

IRI5K c .00
IIIx0.00

THETS(K) 
00H0( KI = 0.01'~lW i

260 =um zWIST1IJ TST(EKN; * FACT(N)
HEK) z 141K) * HTAE K N ACTINl
HEIS(K) a THET( i TAKN * FACTN

1401KI z 140K) * HLIK,N) * FACTIN)CTN
270 N UE
280 INUE

29 1j I NEM1AX

NCASES
300 TAI :TI)*EANw FACTIN)

320 CowNTJTU

M ~tPE ASECTIONAL COEFFICIENTS FOR ALPHA U0

i &IOLA.T. 0) ALPHA m FAST(l
330 IL hA PH-~ ljNJCgR,1 ,TH ,THETS THST,

XBCP CL6,C Ve DG;mI";A

CEOMPUTE fSjCL" VORT!CITY FOR ALPHA x 0
3'0 AL LODG CP DE.,T HORD* 9 ,CIUNJIJCLOCGAIONROMSIHINGEI

3t.u ECIOALDONNM~ASHPA NITJY FgRPO

ECOMPUTE SECTIt4AL UON LNEAR CROSS-PRODUCT COEFFICIENTS
3 I ~INOAL A E0 01FTiO
16 L SLOAD*IAC DE~u~Cg 61E i

CkIPT TOTAL LIARE OEFCIENTS FOR ALPHA a 0
370 CALL TLOAlbTJORE F lS i L C CH.MC "IP

SLLGCLJPFACTLGh , ~L , S I

CCPTE TOTAL NONLINEAR COEFFICIENTS FOR ALPHA a0
380 CALL TLQXAR AC~R lELTA6YjMUjC!MDMU0CS0b0C0O ,

CO"XPYE 10 ONLIaNEAR CROS-PROUT COEFFICIENTS(1NO IALa 0
3"AL LOD4AE DO AY, CDGX CDtUXCSFIX, L

1C TLSCAO X P DI PALtN A FIX Is~l
2 I54YCNIX YXIBI,fZNLE, C AO~sd ,

SPRINT THE SECTIONAL AND TOTAL COEFFICIENTS

400ZT S 40i
410 FORWruriHl,47?X, S1*MW*./*8X,1W* COMPOSITE CASE,13*314 0

I18P(4**
PRMIT1 4S'20 ) (NNa1 ,1 ,IFACTfNJ ,Nl 21

420 FO 1tTEH 94eX, 24 F W4DMNTAL CASE FACfORS/1OXp9(4X,2HAI ,IH),
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1 WRT(X) ,IX,?14A1,12,1141/1OX1DF1O.6/I
430 FORMATI UI ,OXV29H.... . ... LIFT ...... *11

M A. .. r.ENT ........N
OH Xt3N0'4 XX1jgg a' .* iO4x ox J~X

~~~X WtE *o** ,XHXpO/ 5 4XC,6HXCLO/C)

0 tV 4HCLGAg. A X OH *

Xj AX HCMT~j 4Xi HC N

00 47 Zt,R I)~G L K L(vuiITE(6 I Yu ,NR OK16 ),XBKCLIK ,CHGOIK),019401K),
R,0 X K. IIXBL(

45 rAIlA 04' MIS o~ CL O 0 '
1 .6 M ,2F20.6)

NIOA1 A 'F "~ NAI11I10 K Xi) CLG(
1 CHOEK OR.. IVITIK),k 1K

460 FORMT$If H1X 0.6,1 )4C1UFO.j,* ,2F10.6)
*8 OII6 480 1 CC16OCCLJ0,CCLOCI4QO ,CCIIJOCCNT0CN0CXCPO,qXCLO

11TAI ZXX, I,
OW ON : -------- /13X5TTA X,10,

IFINOAL~~ RT . 04IPXJ ~ '
490 FORMAT(I ,IA9X, Fi0 01.A6X

WRTE 16 SOZ CIIGIC6 ,cMMnC6 ,cnTmco'500 FORMT11 H , 9X, 0l@I) ,ZFO
XF(NOAL A .GT- 0) WRI!STO5~O

510 F0RMATVIH~4)

SZ1 t jT6;j25X.9144 P. 1514S INDICED DRAG 91 4NS 7X, HS CTION,6xi~ 4XHCOGO f XAH00,XAt1X3HCDo,
8XFINOA1AO*X G. O,5XHCTo, ,HM

530 IORMATI1HA AdX ,4H4G 2X ,HDiX6.HS SX3H
X ,7X4IFA A7 6GIIZ

DR 66 K jNS
WRITE( ,540) K YIK),COGO(K) iCDPJ0K),CSO(K),CD!0lK),
5 4 f ( fMOK)A ~NIK CT 1K 1 I

I(N0AL A .GT I MRIf (6i (KOMfoCSK
'XfK 6MXK) ICSX K I COIXI K) ,CDGIK Cr.I ),S

MiK)At41(KP F F I
550 FORMATI1 N v4X,4F11.7/Z X',WF1.7)

N IUE S 70 I CCDGD,CCDJO,~oCCO OCITZ0,C:T0fCl1)~vlXF]I570F VORAT tH ,X14x (ITOTm ixF1------ Max.7S70 0 1 KR , 580 1 CC66X,1L CCDJ SXC DICD 0 CCG (,CJ14,CS 1),CCOII )pCDITZ(1)580 FORMAT(AI *24X,4F1ff. 7,1X?1./2X4F1 711,11

EPRINT A TABLE OF ALL TOTAL COEFFICIENTS FOR ALPHA a 0,ALP14A*ALPHA**2
WRITE( 6 50590 FOR~iAT)IHi ,41X ;(I -14**)/42X 2014* TOTAL AERODYNAMIC,

1 161 COEFFICINTS */41X, 91 4H**** /
2 2X HU .' SHALPAIiAOX SHALPHA**2)

I 4I, CLIO,COEFFI It~ Z F )
1 CE FF I, GOEF

OEVFF 1, .GOCOEFFI il, NJ1, o
CIIO , CO 0FI 'i, I )CXCLO6.10F v6I CX ,OF I 7) ~ FI ),FF )Ix, 14" I

OF I % CM.COCoEr 120 VCTI 'CO
E C( L O,COE F 11, C' hi

COFF )cNJ hlCOEFF(263 ,C (29 ~ §EFFI )BO0EFI 291 C(1, ~ )"CBJ 6EI 1,BLO EFF1 29,

RETURN E IFF(3f),cP tIR,COEFFt 35~ 0,~IL0' I3,B0

HIR TE6: 610 )COEFF 2) CCLJO,CCLJ41)
)RTjE6 61 )COEFF 3) CCLO ,CCLI1)

"RTE 1 620 Of 4), CCOGOCCDGXCCDII1)
WRT 6, 620 CHEM~ 5), CCoJO:CCDJX,CCDJI1)T116, 62 )O(Y ~MR TI6, 620 1C"Ff( S C
W4RIT 1, 620 )'CO FF (" FFI 6 CD 1.
WI1, 610 )C.0 FF11 ICC 6,C

WRIT16 6O)C FF11 ),CM i)
WRITE6 610 2CE~~) CXPOCXCPI)

(66 1SFi~) LC1O XC
MR TEI6, 610 fl I F , CLO ,tCXCB1)WITEI6 6 1 )FF 6), C41#iOCC 1)WRT(6, 60 )COEF1) CMIo C1ItcI )

WRI69 610 EaEFI2) C IICHTCI1
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I'RIT~ 11, 0o F0EFF1223Z CL0GCtttC( 1
6t , I1 CC'GLG,RT 6, 610 3COEFF(23 1, CLtJ0 CLLJ( 13WRITE (6 61 COEFF( 41, CLLO ILL(13

WRITE 6, 61 0 3COE FI2S3 CNJI 1.
WRIT (6 61 COEFF 263 CNIO CNIXCNI(1I
WRIT (1, 610 -COEFF 3 FCY CCY 'CCY( 1
1TE6, 610 )COE F ( a3 CBG6 CGR(13

WRITE6 108 ICOEFF, 29), CBSL" BGL(f1
WRITE (6, 610 COEFFE 303, CBJRO, ~J(1
ORITE 16, 60 XCOEFF313,CB ,CJ(1
W RIT (6 10 )C' F (' OEFF(323, FBR0,LO CBRt13
WRITE, 61 ( COEFF 33, is1. CBL(1)
OR I (6 1 COE FNfl, CP~tIO P (1
ORIE 6, 6110) C0! FF1 35),. cPOH'L E CPgMt( 1)I

SCrPUTE AND PRINT A TABLE OF THE VARIATION OF THE TOTAL COEFFICIENTS
TTH ANGLE OF ATTACK

64CALL AB~~ ,J~ lJMCfM C C L (1 hjl).CDITZO,CDITZX,

I ~CCYO ,CCYX ,CCY(I1I M
C 

I'

RETURN
END

LhOCK DT
HRTER*8 COE FF135)

0TA COEFF/' EG:, Cc J',:* * CCDG', CJ
CCMJ, CXCP',' XC
C ' CMMC, CLLO' CLLJ',* ,'C xcNCXCPB,'l CXcLOG:; CCHMC*:': CCtyLL' CCNlTNC

5 CNIMC,* CCV,
6 * CBGRv CBGL,': CPJR,: CBJL',
7 CBR, CBL, CP BR, CPMBL'/
END
SUBROUTINE EXPLEI LCASECPI ,CPI11,DELXBB, CPEXP 3

C
C THIS SROUTINE COMPUTES THE CP VALUE OF A LEADING EDGE EVD
C AT 5 ITERtIEDIATE POINTS ON THE ELEMENT

C DIMENSION XB885)*CPEXP(5p1O)
1 0 DN z 0.20

DO40 N = 19S
20 D N *N

XBB(NJ X *DEL
30 CPEXPIN LCASE3 z 0.666666*CPI*(1.0/SQRTIX)-X) + CPI1*X
4.0 COUlTINUt

I EURN

C SUBROUTINE EXPH1I LCASE ,CPX,CPI1,#DEL *BTA X PXBvXBBCPEXP)
C THIS SUBROUTINE COMPUTES THE CP VALUE OF THE FORWARD HALF OF A HINGE

EVO AT 5 INTERMEDIATE POINJTS ON TN EL MENT

cDIMENSION XBB( S 3 CPEXP( 5,103
o N x020

DO 300 N = 1,5
10 X =Xa DEL + (N-1)*DN*DEL

XBX XS
20 CPEXPIN ECASE)= -1.2732.O*BTA/57.29779*(ALGI-C*DX)
I + G(OGC*DELIDX/DEL) 4ECP + ICPI-CPI13*DX/DFL)30 CONTINUE

RETURN
END
SUBROUTINE EXPH2( LCASE ,CPI ,CPI1,DELpSTAC,XBXBBCPEXP)

FTHIS SUBROUTINE COMPUES THE CP VALUE OF THE REAR HALF OF A HINGE
EVD AT 5INTERMEDIATE POINTS ON THE ELEMENT
CDIMENSION XBB( 5) ,CPEXPI 5,103

C

10 ox ,*N*Dilt

20 CEXPNCS)- gx j40*OTA/jl. Yf7?jw( AOICD(L
30 CONTINUE

RETURN

EUROUTINE SLOADIALPHAIJN NJCOD THTd

~ ~ ROUgTINE COMPUTES THR SPANNISE V=AR' TION OF hIFTIH NO
"TONW ANDINDUCED DRAG FOEITHER A F IITAL ohA , 11 CS

DM 1NSION IJI'.0) 11(403 NJ(4Q 3
VMION CHORD(403 CMU 401 , HETA(401 THETAS(4O TST(401

IME NSION CP160O3,X (6003 DILI 6003,~f Af60 4P160O&DIME NSON CLGI4OJ CLIIJ(40 14 (L* 0M (403 C1I4II
1 XSPl*0)XBCL(40,CDGI401,C fZ40(P3 40 0) 1I.,10? (4 T( ~~ I~.

fNTIORATE THE CHORDHISE PRESSURES FOR EACH SPAII4ISE SECTION~0 30
IFlIHINGE .GT. 1) IHINGE z 1
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DO 150 K a 1,NROIIS

LEADING EDG9 CONTRIBUTIONS

20 Ll DEC11) * (CP(I)+O.50*CPII,1))
CL (K) z CL!

CHOIK) z -DELII)NN** Q. 6666667*CP(I3.CP( 1.1)) /3.00
CDG(K) 3 CLi * SPSFI)/S .29S779

C30 CS(K) a 0.174S329 * DEL(I) * CPII)N*2
BF 0.00

1*K NH(K)
D100 L a =N

IFL.E.I'( GO TO 4.0
* CPIqj = CR,1)

C R~rjl~N EDGE CP VALUE
~F((NIJ(K) .EQ. 0) .OR. (CMtIK) .LT. 0.0001)) G0 TO 5O

=J 1.11K)
EGPI CPIIJK)

tG z 0 * IG I * CI+P

8 1G ) 2 CIGIK) - IxBiI) - (SI 12 NP1)DL(I3M2;
80 VD( DGalK CLI *EPSg)J57.29~7

HINGE OTIUIN
SFd9HINGE Eqo 3 90O TO 100
2 a BETAlI+1'
F(L .LT. NW -1) GO TO 70

B2 a 0.00
IK = 1.11K)f CHUlK) .GT. 0.0001) 52 z BETAIIJK)

70 IfI ASSIBETAII)) .LT. O.00013.AND.(ABSEB2) .LT. 0.0001)) GO TO 100
CLI = 0.00
CMI z 0.00

N z.631198, CENIO)K/57.295779
(AS(BETA(1 ) -L. *O0 j 0TCLz CON * BETAI DL ).0 -1

CI = BETA(IK * T0.O-DL/300)
so F IABSIB2j) .LT 0.0001) GO TO 98

Il CII .2.00 Np**N (6.750 - 01/3.00)
90 F G(K) =CIGIK) -CL

CMG(KJ CMGv(K)-CON *E5Llll *NCMI-CI ~
COGIK) 2COGIK) *CLI * ESI/57. 29579lXBI

100 CONTINUE

CCOMPUTE THE SECTIONAL COEFFICIENTS
110 C MUI K) 2 CMU(K) * THETA( K)/57.29S779

t K) = CLGI K) 4 CLMtJIK)
120 F MUIK) z -CMUIK) * THETA{K)/57.f ~9779

FMHTIK) a ClILIIK I * (ALPHA.ST(K-HETSK~F/7257
M(K) = CMGIK) + CMMP.(K) 4- CMT(IKJ I)BC)S.257

XBCPIK) 00
XK) ! 0.00

130 1Ff 0K) 3 NE. 0.00) XBCPIK) z -CHOIK) / CIGIK)
IICLK) .NE. 0. 03 ?BLK = -ICHG(K)*CWI(K)3 / CLIK)

140 COIUK ClIUIK) * (THTIK/72959**2 /2.0
CDIIK) COGtK3 + CDJtJIK) - CS(KI

ISS IK4) = CMU(K) - CDO (K)

END
SUBROUINE 2ODXICPAP0 LEPtTHNJJ

1 LGO,CD)GX,IIJ*%SX ,CDIfX ,.NAOI~'153 l

THIS SUROINERCALCULATES THE SECTIONAL CROSS-PROOIJCT VALUES
OF THE NONLINA DRG COEFFICIENTS

D IMENSION CPA(600)fCP016003 DELE6003 EPS(600)
DIMENSION CtlU(40) fH140) NN4(40),NJ(43 1.1403

DIMENSION V 160140i ,CDGX( 4O 3 CDIIJXI 403 SX 40) ,CDIXI 40)

1 078 K - 1 NROWS
C LEADING EDGE EV6 CONTRIBUTION

I=+
10 COOXIK) I DILII)*ICPA1 3+Q .50NCPAII,133*EPS(I)/57. 295779
20 CSXIK) a 0. 490656 * D L( I)N CPO(I W CPAC1))

NWI a 1*1(K)
S0 50 L z3pH

zI +1
30 z1 CPAII113

C DEFINE 1TRA1 LING E9 fP VALU
IFIJ L , NW GO 0 V4LU

P11 0
SF(INJIK3 .EQ. 0) .OR. (CWJ(K) .LT. 0.0001)) 90 TO 4.0
.1K 2 1.11K)

CR11 x CPAIIJ.K)
C REGULAR EVO CONTRIBUTON

10 C89X1IU s COGXKl # 0.50*DEL(1)*ICPAII3,CPI1)NEPSII)/57.29S779

COMPUTE THE REMAINING SECTIONAL COEFFICIENTS
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40 3DXKEDXK) CrLGOK57. 77
rgMxK) a CI.IIK) TOW) -I/7.9 K)9

70 COT'?JUE COEI*CtU(K .X
RETURN

1StBROUTINE1a s'gi~;I BETA ,CHORD ,D ,C) ,NJ ,IJ CLG C,cG

; N'I?H"~!ffd!3t ~JYDTES THE SPANEISE VARIATION OF TOTAL VORTICITY

jjpjq f6 DO hE . (E6oo)jETAI6?jOO) ,I(0
WiPlOZN CLGE I),a~MO "'" (901))J )440

DO 60 K a 1,NROMS
i8," HE~ SJCTJO4AL JET VORTICITY, INTEDRATED FROM T.E. TO INFINITY
m~p 4FC K K) 1. 0.0001) goTos

CE RIBION

C IS AR VUTION

~AM(KJ I a GA (K) + DIK) / CHORDIK)* CPIII)
~UI1U TN!NINEAND NTRIyF0l

r~cPAM=E 0.50 SON* iH(I BC AiK)+CLG(K))

R~fl1TJ YI%AE&TA PAl C'.? Y ) f048 iXLAjt4O,HA4) BEI4';L ne MUI v HU I,~tJ 4)CT(0,CU 40)

T f TEAOTAL COLFFIOIETETTLLAIGPRMTR

0C =F~r 0

1%0 0.00

CPIR z 0.00
ECBL 0.00

c j aF~YI .LT0)0T 8
CL;CLG * 0~LUCOK

30CLJ 0CL DLUCIJK

C J
C IHN MOEN SAOFICET

E COM58RtE L~A IffiG SA VHIGASOVER THINSAN
2.0 I * 1161K) - ' 1 ET(ag
C N IF T . 01

C 0 CCJ LJ + E MU(

CSox~NW Os. T COEFFICIENT

CC EL EL1(K



70 "1 W) X 10AtH/f 9S7

E(K)

100 TO hinIW (IK)

RCOLLP T FCOA FVALS OFALL RTENDN OAOFMCENTS

11 IH TI) Ly TO 9 (.K) ~

9 a FT C9JC

~J ~ G .NI 0.0CXP K()CCMI)~C

+ 0 rMYC ( I LM/(CCL

1 y ft i)P^O CR.01AE
110 ? a C1

AIR RATR*APH/725

150 ~~ +S#~I
ACT1000 OR OR RE

0.0L1 aF C x-ACTORG CL

L , FA T0* CLF
240 A~TR R'- X . R

I ~Yw . 01 1 00

170 * fAR
ACTOR*APA/72S?

180 = - 0C)B01R

260 OR .0

vc3C0 &~
CN,. JR x A~ALEX

01 R~ ACLTSTENNIER A OIGCEFCET
HA = E18Y GL NERA 4O H LPA

E9 :NT &Z TR COEFIIET

E IT INt E T OEDMAL AFlE Rjt R THESPA
20~ ~ QEjJI a H8 5K(* E A

30G, ,C IYCSA fE. Cm vKY

CITNSIT AIHRE1 COtI *(I MALFN OI * LiIKI COLFXFICIENT

TCTI LC C145



FIISYI1 .LTI @o p~ 40Iu 4 rfF*(I K
0C I T j!AL,Vth S OF THE TOTAL COEFFICIENTS

so C YM T1) F TOR a 4.00 AREAS

zF$T;C DITE / 2.00

70 TURN

ROUTINE L

I0 6,a~~~ LO 66k3AAAb4 2RO,CLZL0)
RUINE EA~A 54'A3T 03 CIES

E~l Ea .REES

DIMENSION eB ILlC E 0 CDIM rPfA1 i ;MMR~~~L)r~iI0

C hI~ZE INI COEFFICIENTS

0.8

2 G0 0.(~ Q W 3 N

EN * !0IEN

o0 E GR E PRN WACTN

jrfl~ ! N)* ~AC
30 J

T0 PAP : I JAT
~J~C+ 0GIN ~ ) I

00 ) ICL ),CL
O f 1: IN)0RE

0a CL CLJ
7o0 0 S#CNT

IN L CO A AFN mOG1
Ll :N YO)E L D EIL3 C / iEB( A



LOGICAL Z1 ,Z2 ,Z3 ,Z'I,Z5,Z6,ZT1 ,ZTZ
FIND ECEFFICIENTS OF CURVES

~90I NROWS

~3. LIE L. ,AU.I.IjON).OR. ILIKE.6T.O.AN.I.E.NRN.A4D.
3.T. 0 .03

KL:'f AW. A
I.- i/ID j 1- . .l i/I 1

WFI 3 FR *0o25-De23u015

1) ~ T 0O4

60J fI io.YII

1IPI 2M 1/.3.Z*02S

30~

I/ * +EL

CA E S

~~~~zRNT OF DIRET TALES O OA D FCE

LTMAMM (jfjl147



AR44 C" FF1 U1

*~~~8* A.. N C APH

t CtA.-A z PALPHA

aW C + * ALPHA *CIZUAPA

L~j uCLLOa . L"A APHAC g NAR OFFI Sim * i eoX ALPHA + CDIAZ * ALP4AZ
10 + ALPHA * CYAZ * ALPNAZ

PRINT 1Ht TAjhE,.sA*CNLC
Wil 6 ALPHA CL, 4 If1jC j .F1

(IN 106pl ~ ffiCIA flA 3FII.7

TIfS5  AhA'Vr~jht~SM COEFFICIENTS

C LV1/CPI1600vl10)~fl~~4~P0(N I~iiCPAI HHAX IPROI600),CPRA(60O),CPP(GO0I

E 1 yES SPOT HHERE THE SOLUTION Of THE FIRST RUN HAS STORED
PEAD GE a NAX + J

0

C JAL AT j.RS LOADING

DRiA; PRAlY FOR tH A AS!ARH A T L A CASE
2 6NE141AX

A( CP) ,CSS

20 CNTINUE CSE

Jg~fATN! 4PA NISE AND TOTAL LOADING
f C LL S B 1S(DUI,DIJ1,M,CLLPNEWIAXNOALFALCASE)

DEF E CP AN P ARRAS FOR THE PRESENT SECOND RUN FUNAMENTAL CASE

40 eO HU.E

CAL~f~Jj~p ~APA RCA DLEHR.DLApCMJXLTL,

OHRR

RI ~HE S ~ILYA ERIVIE DATA FR IMNLCAE1,

SO~~~~ FO~tHSROL 4 LING "NT COEFFICIENT DERIVATIVE DUE TO,
IL Is" I1.7

A6~p Nar,C Me"2OFF11IgT1 5yj9 Al PULL

49X' W394ERN C ,F14.9 /l Sj6HCNR2 aF1Z.7)
IRITE4 6, YS11ROCYR20
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9FORATI NO/1 Xj3Mj D!UEF i TO YAlNrrv CYIR)vI 9X, YR a R **
49X'f 1HMiEIE EYI -02 .9/ XK4ICR *,F=12.7)

100 KTIl 0  )LCS
NRT 04 1) ELL;,CNPICP

110 F0T HO GNOLNG UNT COEFF DERIVATIVE DUE To,
H A411Rl 4 M*,% I /

X.Zy~Iw1f ET F# WN OJ , f SOI NIPJMAY CLULATE O

I~~~C ~.iF ~ T ROLLIN~s CYIPI,

A ,C 2, & W-T

§REC P CPA~ &i'~XCRI 40) ,CaPR 403,PPr01
~1ENSI15A__A_

hNDI 1 IREAD

PREY USLY UN uiI DE

P&R jrIj~l= C~OI ACTION OF STBIIT DRIATVE

P11 EEZ *FACTORIN~kj, ,

13 FI P A I NEIA
P01 IjEZPSI.80

c Cs HOUGV AL C~~OM RV CO~ECASE ~ t YAi2

MME , J M "*1X~D

INA +I A TBLT

9 0 CLL1 VOULO~ 
CS

i z .0,

COI 'O / I / I4),L CtI
DIR 1 )ENSIC OI~ iC A ) ICP 100 ,CRO 40010 M 'IRA 4001
DZM,5ONELI400 # PSTW M PI01

THEF R IAIERS

TH 1 &IT'ITINADC CPCrlT149S



NPA =0. 00

YpX: N O8
0

010K a IONROMS

EGRA !T~EC&RI N TERM CHORDICISE
C N~l G T RWLIN

A UI RIIP

pp(I

PR EP 00

9OE-P / S979 74 UOIt I

70 is oT1 y&IN

CPAa CHRIK + EIAK LK
FTO N TOLI SO

=UL CYP.00~

2 INV2 PZNFAT

CRA a CLRAKI

IFIISYS7tI * U 0 3AR)A110 P FA 1$ IP*CTOR =2.00/AREA

R : AE R Np CIR

VP O pATR CYP

VP~~~ * (ATRNCPINTIG ACT O N HFCP2 R fPN"

81 1Y~"E 0F GO( *D T ( 120 (

S Lo U!1-AI0NEK~ -0I2IP ,C ACO CPR SDLP ,CORD TPAEA
CWAZtip 779 A CN A RCT2 SPFC

tHE p ONiSO TH V TES
CP PHRWS AMS Psp$ TR CA

APIN AN SIJ E FORCE COEFRCEN

DNI ON kI ), *QODIESI ~f CH 0~~) Y4IET(0

INIL TH YAHNOCOFCINTEM
10 CNRE00

PNR * 0.00

110 1 A O



NRNRAR 
6.

4R A2 .00
YRIzO * 0
YRA g:8O

C YR2AZ 2 0.00

610K z 1,NROWS

RI TE~/57.295779 + TERIA Ef P

RA1uMT BAN Al fI :C4pj CPRAII)NCPOII)3
A 4 ICPRAIICPA )I T z6 0

RZASY '. ifCR(IJCR4:2 141p 8 i CPOI fifRAR2A a 6.1741 9 if LI) *f CPRA( )**iZ
RE RGULAR EVO CONTRIBUTIONS

SPROJ *CIPROII .1)
PRAl z CPRAI +m)1

IFI. .LT. NWdK) TO SO

;IRAL 0.:00
FicrUJIK) .LT. 0.0001) 00 TO 50
JK = JIK)
PROl f CPR2IIJK
PR!ipix ~RIJUKf 29779 *f UCIK))

C aiGl PAR EV O CRIIN
6OERI OTII 3R60 RJIs sR t* TRARINEE

RA RA *TE1IO/57.29S779 * TERMA *f EP
I., DRA2 + TERPIA

70 CONTIPIJE
C
C IGRATE THE OEFFICIENT TER1I SASIS

FACTORmu CNoR I KJ *YIk) *f ET(KI
FACTO = CORDIK3i T(i If *ILTKI
FACTA FA TOWX -* C)
AONI CNRO ( Ro-JR03 ATR-SOi 1
N FR A CA - BORA-A, ;ACTAOR II RAi gFI
FNRA2 =C RA2 + IVRAf/57.2937-Rz FACTOR - SRA2 ifFACT
CYRO 2 GYRO 0* SRO * A0
FYRA z YRA + SRA if AC 0

;RAI- CYA2* SRAZ * FACTOIAYYW AT. 0) GO TO
90 CNR I :NE O- SR20i *~ jifFCR2A NRA- 0 AO Ai

CNR A2 -CN2A 42A2 *f ACTOR - SRZ2i FACT

YRZA 2 CYR22A *1 *RZ REAT
YR A = CYR2A2 * UMZA i ACTO

100 CENTItE
PTTETE RMK IN FINLFR

UTACTOR 1 9/ A R M
Wo~ISYt R )FASTOR 32.00 /AREAINRAZ~ FCTR i RA

011 1F 1 OR NC I AA2AC O 3.0 fFACTOR
CYR 0 A IOR CYRO
CYRA AC OR ifCYRA
CyR2j FACTOR *f CYRAZ

CRO=FACTOR if CYR20

JYRZA =FACTRR*CRR a A CUMZ
120 ETURN

CYR5CYRA, Y 2YR6,CYRIA,CY MA2,NCM
ROS UI TEYCALCUASAD PRINTS A COMPEES~IR TIBLE

'HIS DEITIREATA FREACH CM 11TACK

COWION/COIIPOS/FACTOR( 10,243 ,NCC

PRINT ALL CONSTN EIAIE
WRITE16# 10 J PICAS!
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IFORMATI1H,3 1t/410S I T REV ,ATJXE A F OR COMPOSITE CASE,- 13p
3H / 4X 1 1,----

20MRJ T f6 20 N = . 87 XEIA1S/NOXAyl4XAEI1H,
1 H3X 0 I Ox,1F10.6J

30 VOW~t/ HP6 i FIN DERIVATIVE DUE TO PITCHINGo

3 i~I~E~THNGH ~ WC! EN DERIVA EV ABOUT ORIGIN,

ITEI4 C eNPO A, P2 xG 9
4 0 YFORT T t HO 1 ~jRF.) Cg4l CFF DERIVATIVE DUE TO,

PH rw U 'k8j 71C DUE TO ROLLING,,v
NI P) N * *

12 12. 7/SZX,6HCNP2 iFZ7
4Srb t /I Tp HEEFIC DUE TO ROLLING, CYP),

4NRT 15Z~~IjV~ 0 .~ij7/SX,(,HCY5A uFI2.*S5X,6HCYP2 8,10FZ.7)

I ~~ 48, ~ .~A*ALPA /
31H RELR0 tiT1 LR sF13.7)

0 HCH 0R +C N 2*R NH

A2 HCRO a F RC 5 F1I7H
36 SHA4 Ndi CNZ NR ALHA NRA ALPAA**Z/
X W1R 0~j '?AA § CY 2 1r3i Xs 2 2 cvF13.7
It 7/f HC YRofA t HNR

6S LF~T( 1) FOR,~i F~ E /

4 CY RA A Sx PR

PRINT TABLE OPJRVAIETRM NC DEPEND ON ALPHA

1X,,13H* V1AR SMTPQ ABIIT ANGLE OF ATTACK *,/,
Xi H** 'jHNP//,4HCNP2 1*X,3HCYP,1OX,4ICYP2,-

4 rMACdx* HCNR 0M ,HCNR2
120z m 1 41

so ILPHA Y PHIA * 1.00

chh CLPRO. A
'o P:CN! 804LLRAI ALPHA

CR . N* ALPH + CMRA&2* ALPHA**2
100 NRZ CN2 N2A ALPHA #NR1A Z ALPAZ

MR~r (6 1 ALHACNP,CNP2j ,C'YP , 'PCLLRCNRCNR
110 1 Oigti l 71 *H v ,FI .7SH I , zF15 .7,5H

120 CIMN~UE

U ROUTINE STAGE4

W HI PROGRA PNRO TE YI~I~vI ~~~I N
j BUDARY CMDOTROT IONRIVFWIN I71A N

1~~aARR~SE S ,PINTTFGlITYEf

IONJON4/ RE SPN A AT RE C,

E8IIAAL 4 1 R CM) A A4& 1~ )aI 1600 1 ,DELI 600),p
COWI0N/CASE2/T 411 ;8~~3(401 JTE (40),AC 2:640)

COI9IONFC 3 R1 ) 01TA (6 1fO)pTrmf Al (#01 RNS40,1U)'
IIIENSIML R A0 2 6 )

SADD THE EXTRA.; !WIANTAL CASE FOR DERIVATIVES DUE TO PITCHING
10 1 ISN .L. 10)90 T6SO

2OF..4'HI//D~tE ~ A II jAENSEy RjPLAgDj BY THE,
1n 4 H TO INGiCOPENG)

IN hkn:HaiDM,KK ,TEt'A ,THS ,TST,HL,

SSAVE 'THE FIRST RIN SOLUTION ON UNITY 1
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AVECP( CP C,CPREAD ,NHAX NJT ,ISIZE ,NCASES)

DEFIN T~EF NTAL CASES FOR YAWING DERIVATIVES
Cl zN"CFAE 1E

70 L a LYIiP ,BETA THTA THJ;, KKAITTPIXNOSN1
LLEPS IBETAIEI, fi'..4N~ NM~~W,NCASES)

PRINTIIHI F DAE4NAFl P INT .GE 0 Ei ?METRY
~AS H 1 NCASE

10 LCASE

IURROIJTINE OUT2(LC!?SE)
~ OUT THE GEOMETRIC DATA DERIVED FROM THE

C~ ~~~~ I 5NN 0II0

IPE/ AL ~ AR 1j6ERf ilEP, CF 68MA R XC
lOmON/G § I6L 'Kt)v )1 )

1 C~11OV~OM DXL 0 )6XT AfI11fNLE 140) ,TATIO
Elm ?FN/~CSf2fT 41 ljHI 40) 40 ~AI(DC Q

EM NIl !'IRE0, ,CMAXd*5, VY 3 '

IFT CA YTEAN EF%~ GEOMETRIC PARAMETERS

10 KRI E 6 0 TIT
20 FoRttAT( iN! 39X, 14H**** 1/

40H* / EV J -NG COMPUTER PROGRAM *204**I 2 4)
CH~MA SPA20

30 KRITE(V6,40 )llEA AR SPAN,SPA,CREF ,CREoXMC,)04,CMACCPIAARATZO,
1 A T 0XeG XC

40 FORMATI1HD//54X 4U~ iHNU
4 X JH I F J / 4fX#pAN= 56/j~

NCIX . / 39XPIHARATI6 z,FS/
NRITEI6, S6 ) HR~~t~ IICSE ,NSPMIYIRXPE1IPRvJETFL~vJET*

1 IGTYP If,AH I,, T W
S0 FORMATIHO/ 4 7HNOIS v~3i~ NW '~j1~ SU

1 ~ 4 7 HISYME M 3 7,X13 I/%!3/
6x S:H~NU)MER F A1116~ E EMENTS ,4/

60 6 a 0 4 11 6HTOTAL NUMBER OF LIEETS r.,14)

PRINT FUNDAMENTAL CASE HEADER
WTi ,70 )LCASE

70 F0RtIAT 1H1,23X 1H* 1l t4H****3/
1 24X,54H* LEMANT GEOMETRY DATA AND FUNDAMENTAL CASE DATA FOR.
2 17H FWN0AMEHTAL CASE,13,3H */24X,1H*,1(4H**w*h))
MLINES 3
DO0 260 K a1,NROMS

C PRINT SECTIONAL DATA
WRITE46i,00 ) KY(K) ,DELTA(K)I XLEADK)PXTRAIL(KICHORD(K) TAMLEIK)

s0 FORMATI 1H4 11H*** SECTIONsI19414 *fZXs,3HY a Fl 2X7OTa
SF10j.6f2Xt7HXLEAD=F10.6ZXSdXTRA L F010.4 M 0 -,IO

c 2Xv7H A E 
1O.I0,

C PRINT CHORDWISE DATA ON MING
PNK z NH(K)

)NRITE(69 90 1 11K PTSTlK LCASE)pHL(K,LCASEITHSIK LCASE)O6,X~0F0RMAT(IH0,21HI~ ELEMNS NW 8 3S7TIT,F0.SX
I 401$L -110.6 SX, 9HTalET& lifl!ollj

(6 jiGo) I 1J+LJ .lI

100 FORJAMi ,~X3~,~i 6/17XP1OF1.6)
10IEITIK E . 0) $0TO 10
IC it )C (K)x NK

1140 FORMAT ill 4X X 1OF./17X,OF1.6)

ISONRTI 60 1o LEPS(J*Lt LCASE),LflH1XK
160 FATlH" 13HES 1 2.6/2 X10F11.6)

1S0 f 1X4"TYPE,013X,2 )/17X,1ISXv12,6X))

ILINE +LNE 4 + 4*IL
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IF(LCASE .EQ. 1) ILINES a ILINES * 2*IL
PRINT CHORDWISE DATA ONd JET

NJK *NJlKj
F(~ .GT. 0) GO TO 200

6 E61190)
190 ORIIATEIN *fgZ 9jTjIS ROll HAS NO, JET)

IN S Ii 1

WRIT 16 10 (K) (~K~K)PACTE(K), lETA(K hCASF
FORIIATJHI EJEL! TS NJ a, ~5,as 2D06v5PJO1F~~O.6 ~ ~ ~ XP7HTI4ETA 2,F1.) ,lXNJ
220, HR64 T 1-,96 fglJL:Cll)L,

IR Tf ITPJJL fL1NJK)

0 I L La 2 JK

230 Lf C6 0 ~IES . 2*I

~ILCAE.EaA NEXT* NEXL42I
NJK + NJK

Q 1.10) IL - 2

4FINJK1 .E.)61 4

XT~. L4E T~j *NIXT a NEXT + 2*Il
240 ILS&I~ .E NEXT) GO TO 260
WRITE6, 250)

250 F0RIIAT(IHj.

260 N U
ETURN

UtROUTINE SAVECPE CF DUMMY ,WHAXNJT ,ISIZE ,NCASES)
THIS IL, ROUTINE SAVE JTHE CPASOLUTIO O LLF.AMNA AE

SOF TH IRST STABI LIT DEIVTVERR YSTItI UN IRETCCESS
DIMENSION CPI600,10).DLUtYIISIZE)

SFIND THE PROPER PLACE TO WRITE THE OLD SOLUTION
10 I RITE = NIIAX + NT

C FIND(IVIHRITE.1) *UCOMMENTED OUT BY JAC***

C DE R NE I MTYARRAY

SSAVE THE IATA
WRITE( INRITE) DUMMY

30 NTHUE
TURN

1 ROUTINE rpc(coCEP~ i PE~o,~-HTtTST~Ho

H NE RATE j~% HE BS YA~DrnN FOR

SXI(600)fDEL(600)tC(40 KK(6O0)

DMENSION f~TTI*80OIHLI40,10I

D EF ;NJH CAMBER ANGLES WHICH RESULT FROM PITCHING
aK KKII)

10 1PI N) a 2 08 * fXI1IlDELfI)/2.0)UC(KiI)-XCG) /CREF

20 CONT, )
III EQ HAX) g0 TO 50

30 5iIfNiza 00

40 CONIMJ

~~~ eFj'AL S MHICH RESULT FRO" PITCHING

60 NHETAIIKN) a 0.00

S JK) THETAIKN) 2 2.00 UIXI(IJ() -XCG) /CREF

S (K o.1.800s
70 jNUE
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SUBROUTINE ~RLL STATEAH TS

STHISSUBROU INDE FIS THE BOUNARY COJ" ON O

THE ROLN AE ERIVATIVEFtA1NTLCS

DIMENSO Pt6il),BETAI600j,20)hTHETAI4O,10 ),THS(40,10 I,
1IMNSION Y11141,
DIMNSIN (40),NH(40)

DEFINE THISTWIST AND CAMBER ANFLES WHICH RESULT FROM4 ROLLING

48 K 1NROI4S
10 T4~t ,N31)

TPET )KN21 STKqN)
toW (K)=00

SSj, j hNU TST(KvN)

INE A gALES~ JHUJ

is EPSI ZN1 0.0
ETUN

1LINE RUA

THIS S.ROUTINE DEFINES THEABOUNAY CODITIONS, FOR ALL OF THE
YAWN RTDERIVATIVE FUNDAMNTL CAS S

COMMION /DERIV/ U(40),L ,BCMQC0CMQMCMT102)TS4pO8JjgON EPS(600 16 B0r6) OlITEA4,1)T~4~

DEFINE THJ j~TOA NORMALIZED VELOCITY INDUCED BY YAWING

20 2h i I/ 5"S7.295779

DEF E HE ANGLE~JS FALL FUNDAMIENTAL CASES

20 E (I )I 2 -U0IKKI) W EPSIINI
BA(jN) x 0.0

* 0 CONTIN4UE

00 50 IC= 1,NRO1WS
40 THETA(KNI 2 01OK' * THETA(KN)

THS(K,141 0.00U
SO CQ?4TINE.

WFtUAX NEQ. lilT) GO TO SO

DO 70 I z- NKT aNMAX
60 EP(ift )= 0.

70 ONT INu
80o IONTIN

RETURN
END

E VE Y LAY APHA
NSRSTG~,ffMAININT I TER1 XL T2,ORM1 ,OX

SERT STAE
VR LACET

C EVEELAY i A'
NSIRT ST2S NA
VE RLAY ALH TA IAEETASOV

A &ISSCFA~:~P ~
SE ~ I C~~AD96D ,oAVD4 ,Ls0A6 ,SHFLAD6 ~ ~ l

NERT STAA OT ,SAVEP ,SCPICH ,OL VC2
ORSLE CA 3u*'T EcT~A F WOIIGC I*1 IH TBIIY

4.q 00 4.? I.0 0.250 0.25
LIND000

C4 1N 0.000E C S ** E T H H 0.80 .2

01000 1.100 10 0 .0
CO. 0 10000 10
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PROGRAM JETFLAPIN LISTING

PROGRAM JETFLAPIN

~TFhI INPUT P RPAN DE LOPM hjXj8U

C 9L UPBTESr1D 14E'88 - ( C)

JH S POGRAN J1I0jACTVEkl TO PRO A Jg TE
IaSNIA r DYTis P& DiL V THE L N

C~ PA I RAR ELLiNGIRA

5ACAPAtR LeITY TO TOGTE Hl EFECTS OF-
E .AR PAN L&

4. 6TLhf IFI P1N N ~~~lf~il METHOD),
PITCHING, YAWIG AND ROL ING 31TC

"1 TTERARYI

9S1 -ZHA THEORETICAL gT CA CLAT~ THE
AERODYNAMIC CHRACTER CAO ARITRARYJE FLAP WIN

THE ELEMENTARY VOTX ISRUTO JET-MING
LIFTING SRIAC~TIYVO

C VOLUME II
F EVD JET-WING COMPUTER PROGRAM USERS MANUAL

CINTEGER*4LU
ITGER*2 INFI 1! SIZE,IOFILE SIZE
NTGER STATUSNANS
HARACTER 20 INFILEAUTFILE
MHARACTER4 CHECKi GCAL EXISTOHION/M'ATHEM/NCASE SYTm PIT ~H~
Ot OlN/MARK/NROWS WR6SJ,AT ,NJT, j~joj 40JIJ( 40)
Ot1ON/LUKE/ TITL0I20)OttlON/JOHN/ A REA SPANA IC

CO1?O1/IRIT/ N~ ,, A NE R

COMMON/ EOM11(I41i HCKRD(40' IOLA(0,(0),U 1 603
(401 7KKI OO AYPS16?2

COttNONFCASEZ/TN ST14, 2I HLE4O, 4NL ) AC7E(40 C(04 )'NMCONHON/ECM 40X T~ I4O) )TN40) 4ObNCTA 5 NH3/~S&O K1f f1 TO1~TS~ ,
~O1MMN/FCAS/tIUI4OI ),BEfAl6 0 ilO4,8 4j

COt111O/CompoS/FAC ;jA'j&,Q N
C E1 O/ERI V/O X oJ.C1 Q,CmC

cmON/VIND)AT/LUN,

C--------------------------------------------------------------------
C CAL LRARY ROUT JNE TO CLEAR THE SCREEN, THEN PRINT HEADER

TIL AE ANDOI TRUCT IONS

CALL CLRSCRN
PRI N
PRIN *, PROGRAM JETFLAPIN :VERSION 1 : 6 AUGUST 8
PRIN 4
PRINT &TISPOGRAM DEELOPS THE NPFIE~gR9 Y

PR INT *, * THE LEMETAR VO T SRBTO ~ JET LL N9
PRINT ,CMPTRPGRMORE NI TAEOYMC

MrkfAVtNAV E O!PPI~~Rg.f * -.... - YO

C41 0 ARS,1 ARN RA

640FRA / , NER A T L P PO RAM N
H A ~ ~ 4( T-~A0IMI)~ ~ ~~N -,/ EAP AU
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4, 8RMAT ) ,R .,1 DO'YOU H Tg MT.IgZ •N? I a YES;2 - NO')

C FOLLOWING LINES OPEN THE INPUT FILE TO BE CREATED

,------------------------ ------------- ----------- ------

jmAL CL SCRN
PR I T

T LIBSGETN 9PUT OUTFALE 1 OTPUT file
SER 6F.-OUTPUT FIE TO CREAT ',

C CH II i TLI. 'im's I ' 8I
U raUI O T F. X ILE-SIZE), EXIST • EXIST)

THEN ,'THAT FILE ALREADY EXISTS.'

NT , '8O ENTER 999 TO RETURN TO EXIT OPTION).'

3 ELS OAU RY (NANS)

1) ~TO4
W F NNS EQ. 1) THEN

ELSrO TO 2 .EQ. 2)THEN
Go TO 2

ELSD INtNS .EQ. 999)THEN

E. lEL IT (6,1242)

END I
243 FORMAT (IX,' DO YOU HISB TO OVERWRITE THIS FILE I =YES12 * NO')

OPEN FILE THAT BECOMES INPUT F LEFOR PROGRAM JETFLAP
FI T &EU~ ,2 FILE= OUfFE
2 RANIZAT 1  'O'BEUENTIAL',
RECORDTY,
FORH= 'Fp.

SATUS= " Ut .,'H
C --------------------.......--.--...----...--...............-- ----..----.
E INFORM SER OF DESIRED INPUT FORMATS AN ENTER FRINPUT DATA

IRST L NE INPUT DATA--THE PROBLEM TITLE FO RTH!
C----L----------------------------------------.------------------------

B CALL CLRSCRN
RZTE (6,64101

N& TE (6,6440)
WRITE (6,64J10)WRITE (6,6450)
WRITE1 (6184601
READ (5 000, END=00) TITLE

6450 FORMAT iX, * * *** JETFLAP INPUT PARAMETERS ',

6460 FOR1tAT (1X,28H=:> ENTER THE PARBLEM TITLE:,/,SX,20H(80 LETTERS MAX1ZtlJtl )I
000 2FORPIAT 1 OA4)
001 FORIIAT (X,20A4) -------------------------

C SUMMARY OF FIRST LINE OF INPUT DATA
C-------------------------------------------------------------------------

CALL CLRCRN
HRITE 570)

570 FORIAT MARY OF FIRST LI&OF INPUT DATA?',
1/.1X, H OIER 1 z YES 2

F NANGE.2) GO TO 10
WRITE (6,571
hRIT (6101) TITLE
MRITE 46 5753
C LL QUEAY IAN

if (NANS.E 1 j) GTO 8
7j FORIAT f1XV XfHE ITILE CARD FOR THIS DATA
7 YOU HSH T CHANGE FIRST liNE )OF INPUT DATA?',1/,1X.Z TER1 YES)2 Nb•1)0

C0MRNNOAX "TO FILE
C RITE(LUNPlOO) TITLE

SECOND LINE INPUT DATA--GENERAL PLANFORII PARAMETERS
C READ GNERAL GEOETRY CONTROL DATA

CALL CLRSCRN
PRINT i z, => ENTER THE HING AREA, IN NITS OF SPANe Z.'
PRINT A, ' IF SPAN IS IN FEET, ENTER AREA IN SQUARE FEET.IR)'
READ (5,*) AREA
PRINT *
pPRINT , un> ENTER THE WNG SPAN SEEN BY THE FREESTREAM'RNT , ' VELOCITY. NY EDPI11 " VE AY. DESZE UTS.(R)1

AD SPAN

PR]NT , > USED FOR NO6RMALIZN RE AEHC RDNa C FICEZST

Phi USE THE SAME U ITS AS SPAN. IF YOU TER)ZERO,'
PRINT ' HMEAN AERDYAMIC CWORD ILL SE USED.1R
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RCREF

PRN T N'.. -> ENTER XGC, THE POINT ABOUT WHICH PITCHING MOMENTS N

* FOM (~JI APEX (ORIGIN).'
;IINT(S* X'
P N, ' -- > ENTER XCG, THE MING CENTER OF GRAVITY LOCATION, MEAS

*PT FROM THE ING APEX (ORIGIN). THIS HILL BE USED AS TH
+ INT t, * PITCHING AXIS FOR COMPUTING THE STABILITY DERIVATIVE
a , DU TO C ING. SAMF U4 A SPAN. R)'
PR l ,' NOE T y R"IjUI IF OER-V.S
PRI~N iF STAILIT URIV NOT'REQUIRRD, 0CU

I: RE S1* XCG
SIIAY F SECOND LINE INPUT DT

60p, T OFyflCOND LA OF INPUT DATA?-,
RYX (NTE

h]N 2 4TO ZO
WRIT I AREASPANCREFXMC,XCG

JALQ YIANS)
YLN0% .1 GO TO 1FORAT 1XX ARE' 7,'PAN',7X,'CREF',.7X,')OIC',6SX,'XCG'3~ OMAT (1X)5 iX F1A))),

90 FORMAT (/1, XHH HH--.SECOND LINE OF INPUT DATA?,
1/ 2X 25H:.> E R 1 a ES; 2 = NO)

20CONTlNUEC WRITEDATA TO FILE
HRITEI LUN.40 AREASPAN,C! XCG

40 FORMAT( 5F10.4)

- THIRD LINE INPUT DATA--GENERAL- CONTROL PARANETERS (FLAGS) ------

CIALL CLRS qRN
i ENTER NROMS, THE NUMBER OF SPANISE SECTIONS THE WIN

RINT ! ' NRIS DIVIDED INTO. REQJIREENT:3.LE.NROS.LE.40).(I)'
READ (5,*) NROMS
PRINT *
PR INT *,'uz> ENTER NCASE H OA ~E OFt ~~ LCSES.
PR NT * AEs O OR THAN F C F
PR INT N' WHICH DATA INPUT HILL BE GIVEN TO ALLO FOR THE ANGLE
PRINT N C, NOFsATTACK CASE. REQUIREMENT:(I.LE.NCASES.LE.1O).(I)'
READ (5*;)

, ':=> ENTER ISYMMp. THE X-AXIS SYTRYINDICATOR FLAG.(I)'
PRINT N, = N KG AND JET ARE Y TR

RINT * >• WING ORDJET ARE N-SY ERI , < W NG AND JET ARE ANTI-SYMETRt.'
READ 5,*) ISYMM
PRINT *
PRINT *

,'= ENTER IPRINT THE PRINTED OUTPUT CONTRO FLAGA!Z
PRINT * > PRItI4T1 OMETIRY ETAILS AND 0 R C .g
PRINT * = 1 IN ADDITION, PRINT SPANrISE LOA I
PRINT , t IN ADDITION, PRINT CHORDHIsELOADIN.
PRINT 0, 0 IN ADDITION, PRINT AL MATR ICES, BAC STI-'
PRINT *, TUTION CHECK AND OTHER DETAILS .RE REPDR'PRINT 11,) ' PRN TROUBLESHOOTING-VERY LARIU AIOUN4TS OF OUJTPUT. )'

RIA' (,)PRIUIE
PRINT
PRINT *, '=> ENTER JETFLG, THE JET INDICATOR FLAG.(INPRINT ,, . WARNIN3 THIS VERSION NOT TESTED FO JET INPUTS.NN
PRINT 2 u 0THERE IS A JET SHEET.'
PRINT N, ' : 1 THERE IS NO JET SHEET. NO JET INPUTS HILL BE RE*AD.
4EAD 15,N) JETFLG

*[ '> ENTER IGTYPE, THE WING PLANFORM GEOMETRY INDICATOR F

*IONAL' ' I WING PLANFORM IS COMPLETELY ARBITRARY, AND SECT
PRINT *, ' LEADING AND TRAILING EDGE COORDINATES HILL BE R
+EAD'
PRINT N, * TO DEFINE THE PLANFORM.'
PRINT z, 2 MING PLANFORM IS TRAPEZOIDAL, AND SIMPLIFIED'
PRINT , ' PLANFOP. INPUT WILL BE READ.'
READ (,*) IGTYPE
PRINT *

RRI * > ENTER THINGE, THE HINGE EVO INDICATOR FLAG.II)'
RI :O REGULAR EVD ONLY HILL BE USED ON ALL HINGE ELEM

ENS.0
*PR INT >, ' o 0 HINGE EVO HILL BE USED ON ALL HINGE ELEMENTS.
PRIT ,'OPTION IS NOT PERMITTED FOR USE IN COMPUTING TH4E ,N
PRINT , , DYNAMIC STABILITY DERIVATIVES (IDERIVDO).'
READ fS,) IHINGENTINT
PRINT *P,'"> ENTER IDERIV, THE DYNAMIC STABILITY DERIVATIVE FLAG.'
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P1Z : • o V s L WCUTED WITH NO STABILITY'PNT >. ,Blh Y tEjfXyT ;,.WE. BY As
PR NT II1APE A T WiI IDERIV oyA I t I t 1 I XI L 9i D BY A'

F-----------------------------------------------------------------------
C-------------------------------------------------------

CAL CR ISCR
HR T E ON600

600 NF EARY OF THIRI LIM OF INPUT DATA?',
NIA R YES;

IFNT 1~~ Ilk 30HR fl, 'o o
HRT s ) NRONSNCASESISYIIPRINT

1R I 1 JETFLGIGTYPEIHINGE,IDERIV

F ARE SES',1X*'ISYWhI'v2Xv'IPRNT')

1/ X

C 3RI TO LE
I E 4EIL ,LM4,411 N .r P

C I OMA(1 2il i!I 1 II! ... RH N6llll ifVllllll lliil

ARI ARIA
R SP N

RE CREFXMt = X :C
XC = x
NRO a NOI4S
NC 2NAEBY =S Ism

IN HINGE
C DETER.INE WHICH TYPE 

RE

E IDERIV .NE. 01 g o S DESRED

A REGULAR RUN HILL BE EXECUTED
s0 g 0A j10, 70 , 100 , 120 ), IR

CA STABRLjTY DERIVATIVE RUN HILL BE EXECUTED
60 CALL APPLY

IF(R E. . 2) GO TO 120

PRINT COMPLETION MESSAGE FOR THIS RUN AND GO BACK TO BEGIN A NEW RUN
70 HRTEI6 I 80 I
80 FORIIATI HO/// 32X.1OE5He** ), 3H* t./ 32X

1 13H* THE PROSRAH HAS REACHED N2RAL TERMINATION *1
2 32X101 H*****),3HIE**)

C PUT IN AN OPTION TO DO ANOTHER RUN OR PRINT A '9' CARD AND (UZT.**
C

C READ(ES 20, END=100) TITLE
C 90 IF(TITLE(I .EQ. CHECK) GO TO 10
C GO TO 30

C
PRINT *, '2=> DO YOU HISH TO ENTER ANOTHER SET OF DATA? (Y OR N)'

90 READ tS,'EA1)') ANS
IF IANS.EQ.'Y') THEN

GO TO 4
ELSE IF (ANS.EQ.'N') THEN

HRITEI LUN,1O10) CHECK
ELIN E
EONT  I NVALID RESPONSE - REENTER.'GO TO

END IF
PRINT

1010 FORWAT(A4
C
C PRINT COMtPLE7T!N MESSAGE AND STOP EXECUTION
RO 00 NITE(6,. 80)10 SOP

**A*FATAL*ERROR*HAS OCURED. PRINT*FINAL MESAGE ADSTOP EXE;CUTION*

120 HRITEI6i 130 )
130 FORATI HO////6fX,24H*** )/31X, illBN**)/

1 31XSSH* THE PROGRAM HAS REA CMED ABNORAi L TERMINATION 6/

140 STOP -11-(-SH---)/6 -X,2-----H6-) )

END
SUBROUTINE CLRSCRN

C
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LIBRARY ROUTINE TO CLEAR THE SCREEN.

STAT a LIBSERASEPAGE (1,11ETURN

UROUTINE QUERYI NANS)

TO TRAPE RRRS CAS 41MROER RSP ESTW' Jj~j
NG IP E aATE 14 A CHA AC sut

N - ENN ET .NG R IN G O VAL UE.

INROUTT.E APPLY 1

STSSUR TNECONTROLS ALL ASPECTS OF INPUT FOR REGULAR CASES

COIHNT HEN/NCASES.,ISYII ,I1'PRINT .JT G 'I[ XXG
I ¢~~~OIU ONSPIR RT/ NEHl1 Y,NENCHU, NAL[A LQ.]1,ZI C DEC I HETHER OR NOT THERE IS AN ALPHA CAE,

D 1.LT. 0) NOALFA 0

X INIT IALIZE AND INCREMENT THE Clii CASE CONTROL COUNTER
O0 NEWCMU : 0
o0 NEWCNU = NEHCMU * 1

E XECUTE THE PROBLEM FORMATION STAGE
o0 ALL STAGE 1

GOT .,-,. , 40 , 60 , 70 , 80 ), IR
40

UIOTIG .NE. o,

THIS R U HAS BEEN COPLETED. RETURN TO START A NE RUN.
60 ETURN

CTH!SRRUNA H ~Sil BEEN COlMPLETED. NO FURTHER RUS FOLLO.

, = r 0,ORROP T/S NCEO E 7 4?

70 r r OR R IS A

THE SROUTINE COTROLS ALL ASPECTS OF INPUT FOR

CHECK ON STATUS OF CONTROL FLAGS
10 IHINGE 3 0

RrN O 0 ANIN§11 1

1FI YL.GE. 0) GO TO 30
G = T 20

1OFORHAi", HO///6X,41HTHE ISYHM' FLAG INIATED AN ANT-SYETRC,
14HCASE. HOIEVER, IT HILL BE TREATED AS SYMtETRIC. )EXCECUTE THE FIRST RNM

O 1RIULATE THE PROSBLE T AS USUAL
E TAGE1

£OT 40, 110, 100, 110), IR
40 LOGIC :1

C
C RTE 770 FOR.IAT I1Mtl//////////// 37X,1 1 I4H**W),gH* /

1 SE RU FOR STABILITY DERIVATIVE CASE /
2 37J ON 

ITU O ANC FORLR

0IF THIS ISA ,GYEETRIC WING, SITCH

80 IF(ISYHH .EQ. 0) GSYII -1

CTHIS IS THE END OF THE LINE100 T2 1

C ETUE N LTHE SHOULD NOT E REACHED._ ILUED FOR ONTIIUJTY.
, FJATAL ERRO HAS OCCURED.RETU AORALLY TOA U.

110 LRORGI z

END
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SUSROUTINE STAGE1
THIS MRUTIN RADS TH NERAL TRY PRAETER AND FAGS, AND~CONTROLS THE CALLING oF THE SPECZAfLTZE GEwHETRYSL SIRONES

CW THE ICAS Y PRTNTJ I TFLG YP I"
IOF)NSZRIT/ NWMAUXv A N i6:UNOAL FA, LO&ZC,

' E To CWU CASE
t R,%:T :f: o ,.t.R 0 W .LT. 3)) Go TO SO

iU~tm GyP E l)jr.(IIY~PE .EQ. 2) )CALL SGMAIN(NOALFA,IR)

I USER INPUT 
ERROR

RIATE RR9 TEA AUSE ITYPE HAS THE ON V
IS F S /X 2TE TYPE FAHA 2jTNflojL21I.

D T lE CIII DAT A

.TO 60 . 10 2 ), R
+,o PL R .,.I~m, .,

RETURN NRMALLY TO THE CONTROL PROGRAM

oPRNT ERROR MESSAGE BCAUSE THE NROWS VALUE IS UNACCEPTABLE80 WiRTEI.,90 NROFl~
90 FORM AT( iHi/Six ,TiI\3WS :,13 I

SA FATAL ERROR HAS OCCURED. RETURN ABNORMALLY TO MAIN.100 ZR = €.
TT' 1 ?130

C RETE N- MAIN AND BEGIN A COMPLETELY NEN RUN
110 6R : 2

C RETuNTY= MAIN AND STOP THE EXECUTION

SUB ROUTINE SGMAIN! NOALFA ,IR
THISU9ROUTINE cOrTROLS ALL GEOMETRY CALCULATIONS FOR THE
ECT NL GEOM TRY METHOD

COtION/MATHEH/NCASESISYttIrPRINTJETFLGIGTYPE ,IHINGE

READ THE MING PLANFORM GEOMETRY DATA
10 CALL INPTSI R I

IFIR EQ. 2_) GO TO 100

C FI STY .EQ.1) CALL XLETRZ
CN

NORMALIZE THE WING PLANFORI GEOMETRY DATA20 CALL NORth

READ THE JET SHEET GEOMETRY DATA
30 CAL INPUTJ( RI

IFI R .EQ. 2) JO TO 100

CONSTRUCT THE EVD ELEMENTS

0 L,2F1.. 2)GO TO 100C
C CONSTRUCT THE SET OF FUNDAMENTAL GEOMETRIC CASESC

00 90 N 1,NCASES
LCASE t N

C READ THE GEOMETRY FOR THIS CASE
50 CALL INCASE (LCASE ,NOALFA)

PRINT THE rOMETRY AND CONSTRUCTED CASE DATA IF DESIRED
IFS LCASE .EQ. 1 WRITEt6, 7070 FORMAT( i14i)

C
C jCLRSCRN

PRIT *, .:- DO YOU NISH TO SEE THE CONSTRUCTED CASE SATA?'
PANT *, ' ENTER Y OR N)'

75READ I S,'A1)) ANS
I(,AMS.E;. Y" THEN

GO TO 80
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EL~ ;g fNS.EQ.-N'1 THEN

EL 8 YO ' INVALID RESPONSE - REENTER.'

IN NfF.

re 1  IjjILCASE)

SAN ERROR HAS OCCURED. RETURN ABNORMALLY TO STAGE1.

100 1ETR _ _ _ _ _ _ _ _ _

IU3ROUTINE INPTS( IR)

TSTWfiaE H!EM&IETL OETRY DATA FROM THE KEYBOARD

F 610T

P"'R I NTO 
L,* S C I N C N E L N O A I N U

PR I KT D

jRlNg /, TZ SAN N Q
~I N, ' EI TTl RGTHWTPAH OKOA

IM H ETOAL PAIMOF DA0ST IOSIALOE.

PRINT

PR*IIARO SECTION CERLNERINU DOATO AUS

PRINT f OU RE ENORAE TO& CHEC THI DAA R

RENTL. NI NA o

EH (A 13) A/ QU.

ALL I TEGO" TOENI 20
b) N NS~' LEF ( K ING TIP OR NNSYMTRCM)G

MJT (62 6)NON

22 *PS 2TT ?I;,,'TER ECTION CENTERLINE 29ATA OF'12S:ETON.s

PRIN *X2H>ETR *YS O
C 2l 014TINUE --- -----------------------

C _SL SRMAY -OF - SECTION *',12,3X,CE NP T DTA-----------------

CAL CLRSCRN

PRINT
PR ~ Ejj"jrj~ V AP NTT VA

PRiNT 'm'ETRITP H YEMSR OFEC IN a TIW

PRINT N, E TE WING RO T. NY C ONS HAING T...)E R

MR TE (6163



'INT *p OF ELEMENTS, ALL WITH THE SAME SPACING FROM THE SECT
11RINT *,' LEADING EDGE ARE OF TH4E SAME ICTYPE. BEGIN HITH A TY

+P' 1 AND WORK IN SEQUENCE, 2,3, .. (IASCENDING ORDER).II)'

FOR NT ~,' A MAXIMUMl OF 10 SECTION TYPES IS ALLOWED.'
23 PRI ROW

ICTIP )T (K .GT. I*ITYPE) NNTYPE aICTYPE(K)

0EC94TYPE NSALTEJYuSC

FI SLMUAR OF WIN SETO TYP INPUT DATAOND.

YOUR ~NE 1A EER OLE NFETYP.

0 TOMJ 25 N R 43

2FORHAT P"PINTEI CT N TYP E DATAI'O ,29 E

25 C R6l
CWR ~ DAATOFL

26FO J fT CHRDIE WING SELEMENTS' NU DTj
PR/ Sw I ES;N 2 wO

PR IT ) IKBE ETED IN ASCNIN RE YITPE)HR A

ALL ' E AS)2EEET E ETO TP RA AYA 0

I NAPi HE NNN
R"NI T 2) .OR. EC NIN .=T, 2 0 SETHN

C INT TO FIS RNT

ENDG1?FillTO4 2)
32&R_ T l ~RNUMBER OF EVODIS HN ELEMENTS FOCCTARD1, O ,

C----------------------------------------------------------
CAL I CLRSCRN

;6FRITIX'SIt O CHORDW IEEMNIS
FO NT;Z N G LMNSINU AA'

RITE BE3 ENTEEI(N SNDI NGORE BYCTPE HEEMA
FRITE( 6

9 )IRMT(I X SEON S 12,EMNTS HPRDWSETO TELEME S HAW, S20
33 CONTN

WDOEI 3 N 0 IV IIENNmTY

R T ( jE 2 CH RPHIS YEII ON DT FR EAH RW YP

C WIN CHRIINSE ELMNT ORIATSCR

RINT * WN CROIE ELEMEN CORINTS
PRINT *LASR Tk"E

ENDGFT164



P5Ip **~ us>ENTER XBM, THE CHORDMISE COORDINATE OF EACH VORTEX P

HINTHEIN VORTEX POINT IjjEf~rERP &$ 0  j REFQR
PRINTH LE NG DE 5VDIN "S w9LAK

RINT , A SET OF CATR'ilTE IS RE.UIRED FOR EACH MING SECT!
P0RITP. * THE NUMIBER OF OF COORDINATES HILL CORRESPOND TO THE

0=3~iB R'
PRIN U' OEL1EINSETRDtTHPEVO CD
PRINTW :L' TH&E LADN EDGI COODI ATEMSTOW BE k W. N ILL AUT

*OtIATI CAL LY
PRINT U*6 BE ENTERED FOR YOU. THE LAST VALUE MUST BE LESS THAN
10 R

PxIa't *

N u IT
MANiu.

46 READIS, * I 54HIL,N)

FI XBN# .LT 0.0) .OR. (X)4 .GE. 1.01) THEN
MRITEI (64i) X8'4

PRINT * CO ROINATE VA U (f, IE SETNEEN 0.0 AND 1.0'
0RI 
4  LASE RENE

45 CO&t- NUE
ALLCLRSCRN

RIN :v'* LEM jt$ G fGE* VALUE OF 0.0 ENTERED FOR EVO',

RMi i~l Xv X30HCHORDHI$E ELEMENT COORNAT a F10.6)
4f FO~rA iXv OR MING SCT~1 T YPE N ATEn ' I

43 FRMAI p, ENTER CHORDWISE COORDINATE FO6'M ELEMENT ',12,' OF

E- SU)-ARY OF CHOROWI-lSE -ELEl-ENT COO0-RDINATE-INPUTDATA ---------

CALL CLRSCRN
RTE (6 47)

47 FOMAT (iX,'UMMARY OFYELEMENT COORDINATE INPUT DATA?',
1/1X,2H~z> 1TE I YES 2 = 40CL QUERY (HANS)

I(NANS.GE .2) GO TO 60
54 CALL CLRSCRN

WRITE (6,48) NWTYPE
READ (5 *l NSEC
HR I TE (~49) ILjXBMIL,.NSEC),L1,pNIINSEC))

lIEA16)
CALL1(YANS)

IF (HAIlS.E.1 THEN
N NSE

DO R z 24NNS

56 READIS, * X4(L,.N)
XS11N z XBH(L,N)
IFUfXBWN .LT. 0.0) .OR. (XBHN .GE. 1.0)) THEN

HRITE(6,41) XBWN
PRINT * COORDINATE VALUE MUST LIE SETHEEN 0.0 AND 1.0'

PRINf * - PLEASE REENTER'
GO TO S

END IF

ELEPRINT *, DO YOU HISH TO CHECK ANOTHER SECTION?'
PRINTQ* a=:> ENTER 1 z YES, 2 = NO'
CALL QURY (NANS)
IF INANS.EQ.1) GO TO 54

CONTINUE
END IF

48 FORMAT (1X,%7Xo'MHICH SECTION TYPE DO YOU WANT TO LOOK AT?'
I/ IX 7X 'ENTER A VALUE BETWEEN I AND ' 12 ' 'I

49 fOAMAf (iX.5X,'ELEMENT NISBER :'vl2,3X, 'COOR6INATE u'.F1LO.61

C 9ROE NNENME OF CHORUMISE DIVISIONS FOR EACH RON, USED LATER
DO 70 K z 1 NROHS
ICK = ICTYPEMK
P#(K) 2 NIl ICK)

70 CONTINUE
C MRITE DATA TO FILE

00 8O N a v IYPE
NIN a NIIN1)
WRITEILR4, 18 ) IXINILN),L21sNIN)

SO8 CONTINU.E

END
C SUBROUTINE INPUTJI IR)

C THIS SUBROUTINE READS THE JET ELEMENT GEOMETRY INPUT
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THE MMBER AND CHORDISE SPACING OF THE JET ELEMENTS ARE READ

CON ATHEK/.jAsE ISYM%,IPRIVT ,JEF 4TYP4q
lo" /NOT 1jq1Pj(4)I(

N14TYPJYrbWA Y

READ THE-TYPE OF DIVISION FOR EACH RON

SJSECTION TYPE CARDS

S CLRSCRN
I , .* JET SECTION TYPE NUMERS'

PRN lT kE LAR TO THE MING SECTION TYPE DATA.
PRINT ,DREOLY.

Pf.RNT *, * THE ARRANGEMENT OF JET ELEMENTS IN A SECTION DETERMI
i E THE JET SECTION TYPE. ANY SECTIONS HAVING THE SAIE N

! ', .OF ELEMENTS, ALL ITH THE SAM SPACING WITH RESPECT,
PlNTA ? ' THE KING SECTIONAL CHORD TO HICH THEY ARE ATTACHED

PA REI. OF THE SAME TYPE. BEGIN WITH A TYPE NUMBER OF I AND'
PA;T; . IN SEQMNCE, 2,3,... (ASCENDING ORDER).'

N ' A SECTION WITH NO JET HAS A TYPE OF 0 (ZERO).'
PRTNTPR NT ,' A MAQ O TE ON TY1 S IS fLOEg T RRE'

PPNT *, '==> ENTER IJTYPEP THE TYPE NUMSER OF EACH JET SECTION.(I* 3.
20 PRINT *

O K ; 1,NR
R I E* ) JIK_ E

It JXYEK ) .TYEICPT IANJTY TWJTYPEIK )ZF JTYE(K) ., ?) NROJ -- NOz
FINJT * HENWNITE 16,3ll NJTYPPR NT ,, A .i.og JoR ET SECTION TY.PES IS ALONED.'

E ND *, ' YOU HAY ENTER ONLY OE ORE DIFFERENT TYPE.'
31 fORMAT( IXSXZ9HNU15 E SECT TYPES. ,3

3FORMAT( iX,' ENTER JET SECION PE ORYSEFTI6AS',IZ, OF ',2's
+ECT Ots ',/)

25 CONTINUE

SET UP FOR RON CONSISTENCY CHECK

DEFNE THE NUMBER OF CHORDNISE DIVISIONS FOR EACH RON
KO K 0 INRONS

QIJTYpE , 0) GO TO So

70 NJ(K) NI1JK)
80 CNTINUE
CHECK FOR RON CONSISTENCY ON EITHER SIDE OF JET

IJOUNT N = 1

0 K = ,N ONS
F(NJ(K) .E. OP=

=1 Stinit~ :
F :11 iifrrEGOT;110

CN = M ONTE
-O .LT. 3) TO 170

JAN ERROR HASOCCURE. PRIN A E SAGE AND ENTER DATA AGAN.FRIN 0, ' REI yOUR JTT ETION DATA. JET SECTIONS (UST tBE'

PRINT 0,,' IN GROUPS OF 3Q1OR 1REAN0 THERE MUIST -E AT LEAST 3'PRNT IRLGEN NZNG SECTINS IPUARD OR OUTBOARD OF NY JET.'ISU.MMARY GOES HERE

CALL CLRSCRN
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PRINT *
IR NT ' I CHORDNISE JET ELEMENTS'

RNT , ENTER NI, THE ER FCHOrDI&WjT
PRINT , FoR EACH JET SECTION Y RO ELEENTS

P TAS ' BE ENTERED IN ASCENDING ORDER BY IJTYPE. THERE HAY',
PRINT F, FEN AS 2 ELEMENTS PER SECTION TYPE OR AS HANY AS 10'*, ' II )'
PRttE

C READ NE R OF CHORDNISE DIVISIONS iELEMENTS) IN EACH RON TYPE
4 O f = ,JTiPE

DI N IIN I28 5 14 .~z SAI7N 4PIN . .OR. ININ .GT. 10)) THEN

IRRfA N~ E, E~q OF 10'

II.F 8jM&~dTJj EVfVI~jNIV &oSI511O ,I " of

S UMIARY GOES HERE

JET CHORDHISE ELEMENT COORDINATES CARDC - - -- - - - - - -- - - - - - -- - - - - - - - - - - -- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CALL CLRSCRN
PRINT
PRINT 4, JET CHORDHISE ELEMENT COORDINATES'PRI NT
PRINT , * A SET OF COORDINATES IS REQUIRED FOR EACH JET ',

*'T CTION TYPE.'
PRINT THE NlUIBER OF OF COORDINATES HILL CORRESPOND TO

LJFE ;EN EE THIAPREV USCAR.'OUR
RHE IRT PEA PIT0R HACH JT SECTION AND ,

PR NT *, ' TRAILING EDGE. ITS COORDINATE MUST BE 1.0 AND KILL',
4' UTOMATTCALLY
R , BE ENTERED FOR YOU. THERE IS NO MAXIIMM VALUE.-
PRN *G a > ENTER XBJ, THE CHORDIISE COORDINATE OF EACH VORTEX',

PRINT * ' THE VORTEX POINT IS DEFINED AS THE "PEAK" POINT ',
*'FOR JET EVD''S.tR)
PRNT

READ HE CHORDHSE DIVISION DATA FOR EACH RON TYPEDO 50 I 1NTP
NIN z NIINI

NI z 1.0
S V 4Z,NIN

HRZIEE ,4Z I NJTYPE
PRINT , NCIOE THI* IS WITH RESPECT TO THE CHORD OF ',

46 READ(S, I' XIJ( L,N)
XJN XBJIL )
IFIXRJN .E. 1).O) THEN

w P4E ) XBJN
PRINT (*, COORDNAT VAL ST BE GREATER THAN 1.0'
PRINT * ,PLEARE RE EE

NDGyFTO 4
PKINT *

l CONTINUE

41 5 M'A IX,X,3OHCHORDNISE ELEET COORDINATE ,FIO.6)4 z FORATI iX,-- FOR JET SECTION TYPE NUMBER ' ,I
'3FORtAT( l' ENTER CHORDO SE C D NA FOR JET EVD ELEMENT ',1Z,

+' OF ',I 2P)

SSUWIqARY GOES HERE

THERE IS NO JET FOR THIS RUN
90 DO 100 K 16HRONS

IJTYPEIK) 6 NO
NJIK) a 0

100 fONTITJE

RETURN

INMIROUTINE XLETRI( IR)
STHS N READS THE LEADING ANTILINGEOE COORD NATE A

SPA STATI C ECTE BY STRAIGHT AND TRAILIN 10515.
C T NPROA R A INTERPOLATES TO BE CODINATES FOR INTE DIATE

C CION/MARK/NROMS PNROMSJNKT PH AX )6N(40), IJ(4O)

CO WGEO/Y ( 40 ) ,CHORD (40) A XB( 60 ) X6 60)1DEL(600)
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1 * ~D(4R) KK(600) ,TP(
C.....GEOM2/XLE D(40 ),XTRILI4O ),?2 LEI4O),.TANTE(4O)
C5NSONINDYT/L IE
DIENION YPEl 0),vXLE(40)vXTRI4O)

A L CLRSCRN
R NT
PRINT *, LAINGAN TR "A M EDE FORIrITES'

P R I t
PR I NT *,':>ETER ASAMINIMUM THE COORDINATES FOR THE TIP AND',
PRINT *, * WQgRD N AR ALSO REQUIRED FOR SECTIONS WHICH

PRINT~~~ I,* 5 1 KN THE LEADING ROR TAILINDG E.
PRlINt 11 OH IRDINA ES F TE N NORBRISE ISTANCE,'
PRINT ON* NTERLINE, FROM THE Y-AXIS TO THE *

PRINT, * N S OF IIAN.'
PR I NT .4 ' TCP OGRAM ASSUMES A STRAIGHT EDGE EXISTS BETIEEN',
PRINT *, EfTR HRE AND HILL INTERPOLATE BEMWEN THE INPUT'

40RINT T, ' * SCTON CENTERLINE COORDINATE IS AUTOMATICALLY',
21R EN'

PRINT w,' TO TEDATA FILE FROM YOUR PREVIOUS INPUT.(R,RP'
PRINT

CREA #JPER 9F SECTIONS T NU
9 RIN *v *HO MANY Hi~grsECTIN HILL YOU BE ENTERING',.
1+ CD~ N ORINATES FOR?'
10F READI T 5r ECMF ?N T T N OPIS) THEN111T(6,1i VNRONS

GOI TO ,~ PLEASE REENTER'

C CHA 0 JNTOCORRECT NSECT IF IMPROPER VALUE ENTERED
PNT

RITE 11,316 INSECT
~ LL QUERY INANS)

F NANs.E8.1) GO TO 9
C REA XLEAD AN~ XTRAL

PRINT ,' BIN AT TIP AND WORK IN. TIP SECTION:a 1.'
PRI
2 R3 N I NSECT

N NEW. 1) CALL CLRSCRN
WRioTE 16,46) N*NSECT

20 REDI ,
CRTRIEVE AND PRINT CENTERLINE COORDINATE DATA

N) 6, Y)"RITE (643) YPN
I

6 X4IN)
PRINT *

WRITEE 6,45)
AD * ) XTR(N)

12 CONTINJE
FORIIATI1-X..X'TH1 gE F~~~~191TNTB OE

**CflR -,X'H BRYUWLLEERI NG 0DA'
1FR142TI XSX, OI4CHORDHISE ELEMENT CO ~NAT F.)

.4.FR1ATI X, FR ECT ONI ROW 2IIR 1
43 FORNATI X,' E ET CNERLINOERDINATE z ',F1O.6
44 FORMAT X,' ENE TELADING EDGE CORDINATE FO S ECTION',III,45 FOMATI X,. NtW!HT CORNT FOR SECTION ,Z

46 F9RIAT( ENTERTH ~ ON NUMER ASS IATED MI
Cl OORD NATE SET '.12,' OFN ', 1ST

SUitWiRY OF LEADING AND TRAILING EDGE-COORDINATES DATA

5ME4CLS M9N
47 FORMAT1 IX, 'SUMARY OF LEADIHG/TRAI LINO EDGE COORDINATE DATA?',

1/1X 2S= NER 1 = YE s 2 2 NO)
CALL QUERY INANS)
ZF NANS GE.U GO TO 60

WRITE (6,'G)
MRITE (6,49)
WR T (6,42) IYP(N),XLE(N),XTRIN),NtclNSECT)
WR T1 (6 16)

JALQUEAY (NANS)F F(MANS EQ.1) GO To 5
4FORMAT fi1xt~t THE COORINT NERETRTI NU AA'
16FORMAT (//lXD YOU WI NATE DMATAGISkiO', HS/NUT)TAf
1/IX S ENTER 1 I j~ O

'9 'CENTER'LlIN 5,'LADING tDGE' ,3X, 'TRAILINGv EDGE' ,/)

ATA TO FILE
0070 * 1NSECT

WriIEILLII, 01 )YPIN),-XLEfN),XTR(N)
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101 FORMAT(3F10.6)
70 CONT INUIE

C 9U1,~ CARI AFTER NSECT SETS OF COORDINATES HAVE SEEN INPUT

102 FORM1AT 1 49 ?
C

ETURA _ _ __ _ _

LIROUTINE XLETR2

AL RED MTE AEN~j PLANFORM PARAMETERIS&
T9E DLWING. NOTE THTTHE PL FOR OUTLINE WET BES RIC.

OttlON/MARK/NR SNRONSJ NWT6 . TTNAXoNK4340)etJ34O)iH(40)oi(40)
i8 MMON M/ A KK360AD0) fY6 ( ),16 Xft O1DE(0),
I NGOZXD 011""TRAIL340),.TANLEE4O),TANTE(40)

TRAPEZi DAL WING ~i-PLANFORM PARAMETERS-----------------

AjTCLRSCRN
PRINT !,' TAPLEZOIDAL KING PLANFORM PARAMTES
PRINT M, NOTE: PLFORM MUST SE SYMtIETRIC
PR NT

C CL LITI;SPCTRATIO FROM PREVIOUSLY SUPPLIED DATA
C ALC ZAOASI z SAN / A~~

GOT *~ -- EC TUAED WING ASPECT RATIO, ARATIO ,ARATID

~LO PR INT
C NEO H FLIIDAMENTAL PLANFORM PARAMETERS

15 ')==> IER THE WING ASPECT RATIO, ARATIO (R).'

PRIN w, us NER SWEEPa THE O33E&P ANGLE OF THE QUARTER-CODRJNT* *' SHLI Nv IN DE3 REE .(R)

READ Sp,* ER
PRINT *

PR SU NT* OF TRPZIAI OFSMERHING PLNOR8AAMTRSIPT DATA

C----------------------- - - - - - - - - - - - - - - - - - - - - - - - - -

* CALL CLRSCRN
WRITE (6 Ili

11 FORfIAT iix, UMARY OFYTRAPEZOIDAL PLANFORM PARAMETERS DATA?',
E/NTER1=YS 2= NO)

IF INDN .GE.2) GO TO 20

WRITE (6,12) ARATID,SNEEPvTR
WRITE (6 16)
CAL L AUR (AS

IF 3NASEQ.1)NGO TO 10
12 FORtIAT 3 iXAASPECT RATIO 2'vF1O.6p3Xv'SWEEP =',F1D.6v

13Xj*TAPER ATIO M,.6I
16 O~MT (/,1,0OYOUWI4H TO CHANGE/REENTER THIS INPUT DATA?',

1/ IX 2SH--> ENTER 1 * YES 2 = HO1

C WITE A DTA FILE
WRkTEI(LUN 100 )AAIPHEiT

100 FORIMATIIO.6 RTO$EPT

CPROCESS VALUES FOR USE BY CHECKING ROUTINES

COMPUTE THE GENERAL PLANFORM CHARACTERISTICS
91 - SPAN 1 2.00

sw = S4EE . 9S779
COT 2 / 11PAN / 3 1.DTR)*ARATIO)

XLB2 =0.250w* (1 ?TRw OT4Z TA(
CHAC =2.0 I. CRoo 10*RT*TE(.w1OT)
IF(CREF .EQ. 0.0) CREF x CMAC
CBAR-AREA/SPAN

C
C COMUTE THE LEADING AND TRAILING EDGE COORDINATES

YBAR = Y3KE
IF(YSAR .LT. 0.0) YSAR z -YBAR
XLEAD(K) *XLB2 *YBAR
C zCROOT * 1.0-11.0-TR)*YBAR)
XTRAILfK) *XLEAD(K) + C

60 CONTINUE

END

* THIS SUBROUTINE NORMALIZES ALL WING PLANFORM! GEOMETRY BY SPAH/2
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CO MN/MARK/NROISNROWSJ NWTNH .MXN10 N10 4)I(0COI[XN/JOHNr A TTfNSWE 4),J 0 ,H4)11C MN/OH."E1ASPANARATIOTR4EP CREF CtIAC CBAR MC XCG
C0H0/EOM4/YI 40 ,CHORD(401 6ELfAI4O),XB(660),Xi(600i,DEL(6.00),
1 040)KK(600) I YPE 6 0)

COMt1ON/GEOt42/XLEAD?40)3,XTRAIL(40 ,TA14LE(40 )PTANTE(40)
10 B2 =SPAN / 2.00

AREA =AREA / B2**Z
CREF = CREF / B2

20 X~Ic = XMC / B2
XCG = XCG / B2
DO 40 K :12NROWS

30 XLEAD(K) *XLE AD? K) B2
XTRAWIIK) *XTRAILIK) /B2

40 CONT INUE
l PAN = 2.00

RTIO - SPAN * SPAN /AREA
RETURN

END
C SUBROUTINE BOXSI IR)

C HSSUBROUTINE CONSTRUCTS THE GEOMETRIC PARAMETERS FOR ALL THE
C EVO ELEMENTS ON THE WINMG AND JET
C

COMMION/MATHEI4NCASES ISYMM,IPRINT ,JETFLG IGTYPE .IHINGE
CO~llON/MARK/NROS4S,NR&9IJ NNT NJTNMAX NN 40) NJf40J IW(40),IJ(40)

VO#IMN/JOH/ ~ A~TI6TRHEE~vCREF ,1MAC CBAR XkIC XCG
FOMMON/GEOM1/Y44 XH D40) 6ELfA(4 0)XB(6A9o),Xf(6OOi ,DEt( 600),
1 D(40)pKK( 600)ilfYPE1 600)

COMMON/GEoM2/XLEADt4O ),XTR IL(40) .TANLE140 )vTANTF(40)
COMMONSG1/XBN2,1OXBJ(20,10),ICTYPE 140 ),IJTYPE(40) ,

1 NWTYPEvNJTYPE
C CONSTRUCT THE ELEMENTS ON THE WING
C
C COMPUTE SECTIONAL DATA

10 CHORD~l) XTRAILI1) - XLEADI1)
DELTA~l) =1.00 - V~l)
CMAC =CHORD(11**Z * DELTA(1)
DO 30 K 2,NROWS

20 CHORDWK XTRAIL(K) - XLEAD(K)
i ELTA(K) Y(K-1) - Y(K) - DELTA(K-1)
F(DELTA(K) .LT. 00 GO TO 190

CMAC = CMA A00RDK6 2 ELAK
30 CONTINUE A K*Z*DLAK

C NCECK THE VALIDITY OF THE SECTIONAL ALLIGNMENT
YO= Y(NROWSf - DELTAINRONS f

IF(IISYMM .GE. 0) AND. (ABS(YD) .GT. 0.000101)GO TO 190
IF ((ISYMM .EQ. 1) .AND. (ABS(YDi1.O) .GT. 0.001)) GO TO 190
DSUM =DELTAII)
DO 35 K I 2,NRO"S
YL m Y(K) + CELTAIK)
YR mYlK-1) L DELTAIK-li
IF(ABS(YR-YL .GT. 0.0001) GO TO 190

3S SUM = SLUII + CELTAIK)
iF FABS(DSUM-0.50) .GT. 0.0001) GO TO 190
CHAC = 2.0 * CMAC / AREA
IF ISYMI .FL. 1) C14AC c 2.0 * CHAC
IFECREF .L.000)CRE F= CMAC
CALL TANSTALE XLEAD Y NROWS)C COMPUT ALL CHORDWfSE EUMNT PARAMETERS FOR EACH SECTION

DO 90 K =1,NRONS
C COMPUTE X-COORDINATES

N'dK = NH(K)
DO SO L 1,N54

ICK = ICTYPE(K)
40 XBEI) a XBH(L,ICK)
50 CON4TINUE

C COMPUTE ALL OTHER PARAMETERS
I I - NK
SN(Kj 1 +,1
0=8~ L - 1,141K

I 4+1
60 K(I) =K

70 ~f,,XLEA IK) 4XI)*CHORD(K)

R0ONTI NUEC EODEFINE THE LAST DEL IN THIS SECTION, AND DEFINE THE L.E. EVO TYPE
DELII) . 1 .00 _ XB(I)
IN4K z 1141K)
ITYPEIINK) z 20

90 CONTINUE
t#4T al

CCONSTRUCT THE ELEMENTS ON THE JET SHEET
C
C COMPUTE ALL CHOROHISE ELjM.ENT PARAMETERS FOR EACH SECTION

IF(J5TFLG .NE. 03 GO 0 180
DO~~ N aJROWS

C COMPUTE XCSORD NATES
IJIK)

100 rJ z NJ(K)
A FNJK .EQ. 0) 00 TO 170
0 120 L a 1 ,NJK

IJK 1 IJTYPE(K)
110 XBI) a )JLIJK)
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120 CONTINUE
C COMPUTE ALL OTHER PARAMETERS

I - NJK
130 IJKI L I + 1

0:6 +LZ 1,NJK

140 KKII) K
DEL I) aXBMtI.,) _ XB(I)

150 Xi ) XLEAD(K) + XBI) * CHORDIK)IYPE(I ) a 10
160 CONTINUE

C REDEFI4E THE LAST DEL AND EVO TYPE AND THE D VALUE FOR THIS SECTIONgELI) = 1.OE1O
TYPEII) = 30
(KI IuXI(i)- XTRAIL(K)

170 CONTIE
60 NMAX = I

IF(NAX .GT. 600) GO TO 210
NJT = X - lilT
IR I
RETURN

C AN ERROR HAS OCCURED. PRINT A MESSAGE AND QUIT.
190 HRITE(6 00 1
ZOO FORHATi 1H1/38X,44HPLEASE CHECK YOUR SECTION LOCATION I Y) INPUT )

IR= 2
RETURN

210 WRITE(6 220 ) NMAX
220 FORAjT(iHl/48X,I4,21H IS TOO MANY ELEMENTS)

IR =2
RETURN
END
SUBROUTINE BOXJ(NEHMAX,IR)C

THIS SUBROUTINE COMPUTES THE JET BLOWING FACTOR ClIP
COHIMON/MARK/NROWS NROISJ NWT ,NJT NMAX ,NW140 INJ( 40,1IW(40) IJ( 40)
COW1ON/GEO1/Y(40i ,CHORDO 40 ),DELTA ( 405 ,XB( 60 ),XI(600 ),DEL(600)p

1 D(40).KK(600I )ITYPE(600)COt*ON/JCASE/CL( 40 ,CMUP( '0 ) ,CMUPP( 40)

C COMPUTE THE NEW CMUP AND SAVE THE OLD VALUES AS CMUPP
10 NEWMAX NIIAX

ICOUNT = 0
0 30 K 1NRO S

CMUPPIK) = UPI(K)
FCIK) EQL 0) GO TO 30F UOK) .LT. 0.0001) GO TO 20

CHUPIK= 2.00 / ICHORDIK)*CMU(K))GOTO 30
20 ICOUfT ICOUNT 1

CMUPIK) = 0.00
30 CONTINUEC

PRINT , '==> 00 YOU NISH TO SEE THE JET BLO ING COEFFICIENTS?'
PRINT I ENTER (Y OR N)'

35 READ IS,'IA') ANS
IAN .EQ. Y') THEN
WRI I6, 40 ) (K CMI(K),K=1,NROWS)

ELSE IF (ANS.EQ.'N'i THEN
GO TO 45

ELSE
PRINT 3. INVALID RESPONSE - REENTER.'GO TO 35

END IF
1010 FORMAT(A4)C

40 FORMAT(1H1,40X, 1014H**w*)/ 41X,j 40H* SECTIONAL JET SLOWING COEFFICIENTS */41X,104H****)//
S3X 3HROW,SX,3HCMUp401/53XPIZF12.6))4S IFIXC(N E?. OA GO TO 50

FICOUNT :LT. NOWSJ) GO TO 60
EINEMAX = NfT

50 IR 1
RETURN

AN ERRR HASTOCqURED. PRINT A MESSAGE AND TRY AGAIN.
0 o TdHO43X,35HA ZERO VALUE OF CHU AS BEEN INPUT.,

1 3H HISC U CASE HAS BEEN IGNoEd.I

TURN

END
SUBROUTINE TANSI TAN ,X ,Y ,NROI4S)

C THIS SUBROUTINE C UTEI THE TANGENT OF THE LEADING OR TRAILjNG ECDE
C SWEEP ANGLE AT THE CENTERLINE OF EACH SECTION. IT IS ACCURATE FOR
C SECTIONS HITH STRAIGHT EDGES IN GROUPS OF THREE OR MORE.

C IT APPROXIMATE FOR CURVED EDGES.
II MAY R NSULT I ER R FOR SECTION4S ADJACENT TO KING BREAKS,

IF STRAIGHT IDGES AR IN ADJACENT GROUPS OF ONLY ONE OR THO.

DIMENSION TAN(40)vX(40),Yl40)vSI40)
SLOPIXR ,XLYRgYL) IXR-XL) / iYR-YL)

DO 50 K s 1,NROHS
KR a K-1
KL z K
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IFEK OT. 1) GO TO 30
KR a
KL a

30 S(K) = SLOPIX(KR),XIKL),YIKR),Y(KL))
so CONT INUE

0 200K : S
IFIK T. 31 G TO 150
IFIK .E NROiISl GO TO 150C CHECKF t 1 ROS-)) GO TO Z6OKWHEUER THE RIGHT OR LEFT SIDES ARE STRAIGHT]K - SEK-li .LT. 0.00) GO TO 150IFE ABS' *K1) - S(K.2)I .LT AN.IJGOT H160

C NEITHE iDE IS CONCLU IVELY StRAIGHT - CHECK FURTHER LEFT AND RIGHTIF,
SFK:Et 3) GO 160

SNROS-2) TO 150
ABSS1 - SK-2 . LT. 0. O ) TO 160

lFIABSESK+) -SK43)) " T. 0. 0 TO 150
C THE TRUE SHAPE CAI,,OT/ BE DETERMINED - GIVE UP AND TAKE THE AVERAGE

TAN K) ) S(K ).0 / 2.0
GO TO 200

C TH GHT DGE IS STRAIGHT
150 TAN(K) = S(K)

GO TO 200
C THE LEFT EDGE ISSTRAIGHT

160 TAN(K) S
2o CONTINUE

RETURN

UROUTINE INCASE LCASE ,NOALFA)

THIS SUBROUTINE READS THE FUNDAMENTAL GEOMETRIC CASE DATA
CHARACTER*l ANS
COHItON/MARK/NRON ,NROKSJNKTNJT.NMAXI*4E40) NJ( 40) ,IM 40) ,IJ( 40)
COl*1ON/FCASE 1/INTST INHITE NDE LJ INCAMB INETA
COMlOFCASEZ/THIST(40,10),AL(40,16),DJ146,10 ,ACTE(40),AC( A2,40 )

1 XHBI ,40),BET 4,40JIFS4,401 , TCT( 4 1 ,IHT( 401 ,NCT ,NHT
COMMON/INDAT/LUN
DIMENSION NIt 10) ,DUMMY( 40)

C
C IFEELCASE .E. 1) .AND. NOALFA .T. )) RETURN

FA hTCLRSCRNWRITE! bi5) LCASE
$ FORMAT( ,Xv4X FUNDAMENTAL CASE CONTROL FLAGS FOR CASE '2,'. ' )

PRINT *
PRINT , '==> THE FOLLOWING QUESTIONS ARE USED TO SET THE CONTROL
+ FLAGS.
PRINT *4S THESE FLAGS IDENTIFY THE TYPES OF LINEAR GEOMETRIC V

+ARIATIONS
PRINT *, TO BE INCLUDED IN EACH FUNDAMENTAL CASE.'
PRINT , THE ANGLE OF AT AC CASE ISALREADY INCLUDED AS CASE
+ I..
PRINT
PRINT * A NO RESPONSE INDICATES THAT THE VARIATION HILL BE 0+MITTED. 1
PRINT
PRINTL * A YES RESPONSE INDICATES THAT THE VARIATION HILL BE+INCLUOED'
PRINT * ' AND THAT YOU HILL PROVIDE THE REQUIRED AMPLIFYING IN" 'ORtIATI6N.•
PRINT *

10 CONTINUE
C---------------------------------------------------------------C READ FUNDAMENTAL CASE CONTROL FLAGS

C
PRINT *, == VARY SPANNISE TWIST DISTRIBUTION? (Y OR N)'

20 READ (S'IA1)') ANS
IF IANS.EQ Y' )THEN

INTNST :'LCASE
ELSE IF IANS.EQ.'N-) THEN

INTHST = 0
ELSE

PRINT * INVALID RESPONSE- REENTER.
GO TO 26

ND f
30 t N, 'a> VARY LEADING EDGE VERTICAL DISPLACEMENT? (Y OR N)"

30 ( 0 (A1) ) ANS
IF (ANS.EQ.'Y') THEN
INHITE a LCASE

ELSE F (ANS.EQ.'N) THEN
INHITE =0

ELSE
PRIT INVALID RESPONSE - REENTER.'

IND IF
RINT
PRINT *, '28> VARY JET DEFLECTION? (Y OR N)'

40 READ (S,'(A1)' ] ANS
IF EANS.EQ. Y'THEN

NDELJ =LASE I

ELSE IF fANS.EQ.'N') THEN

ELjIEJ * 0
GO TO 46 'INVALID RESPONSE -REENTER.'

END IF
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Po RINTINT *,'r>VARYTHE WING CAMBER? (Y OR N)'

IF I AN .E.Y-) THEN
SN~ LCASE

EL (I ~t EQ.'N') THEN

EL VE
PRIro ;16 ' INVALID RESPONSE - REENTER.*

PRINT w,'>VARY THE HING HINGE DEFLECTION? (Y OR N)'
60 IFDR - IN

INBETA LCASE
ELSE IFA( iEQ.N) THEN

6 * INVALID RESPONSE - REENTER.'
GO TO :

END IF
PRINT

C -- -- - - - - - - - - - - - - - - - - - - - - - - - - - -
C SUMMIARY OF FUNMDAMENTAL CASE CONTROL FLAGS DATA

C------------EL CRIN------------------------------------------------------
WRIT 6580)

580 FORA P1X'S UM ARY OF F M A C ASE CONTROL FLAGS DATA?',
1/,X,21~HO-=> ENTER Y = YE~ NNO

READ I ,'A1I') ANS
I F IANS.Q.'N') GO TO 70

CA CLRSCRN
HRITEt66) LCASE

6 FORMATI X,ZX,'CONTROL FLAGS FOR FLMAANENTAL CASE 'P12'.')
PRINT *.
PRINT ~,'A NONZERO FLAG INDICATES THAT THE LINEAR VARIATION'
PINT W,' ILL BE INCLUDED. THE VALUE OF A NONZER FLAG'
PRINT I,'HS B&EN SET TO TE FUNDAMENTA CASE JN WHICH IT'
PRINT ~,'I NORPORATED, HOWEVER THIS CHOICE S ARBITRARY.'
WRITE (6,581)
NRIT E 6,582) INTHST ,INHITE ,INDELJ ,INCAHB ,INBETA

I~ 4AN.Ef t Y') GOTO 10581 FORMAT IIXP' THST' Px'I HITE',5X,'INDELJ',SX,INCAMB',X,
+' NBETA'l

582 FORMAT (lX,512X12D)
590 FORMAT l//,1X*4HC'iAAE FUNDAMENTAL CASE CONTROL FLAGS DATA?,

10'/ iX fzS=> ENTER Y a YESi N m NO)

W1TO DATA FILE)
60 IOMT)jU 601 INTNST ,INHITE ,INDELJ ,INCANG ,INBETA

C -------------------------------------------------------------------
C READ SECTIONAL THIST, HEIGHT AND JET DEFLECTION DATA

C IF(INTHST .EQ. 0) GO TO 85

C TWIST DISTRIBUTION CARDS
C-------------------------------------------------------------------------

F L CLRSCRN
PRINT ,'SPANHISE KIND TWIST DISTRIBUTION VALUES'

PINT
PRINT ,' THE SECTIONAL THIST 12 THE WING THIST AT THE SECTION'
PINT ,' CEN4TERLINE H1TH RSPECT TO THE WINMG REFERENCE LAN.

PRINT
PRINT , POSITIVE VALUES ARE ~E S8AMEp SENE AS A POSITIVE'

PRIN ANGLE-OF-ATTACK ILEADINN E P

PRINT *v'2m> ENTER THIST, SECTIONAL HING THIST,. IN DEGREES.(R)'
PRI NT *

0K= 1,NROIIS
PIIE6,1Z) K,NROIS

RE AD(S * ) THIST(KI( A
12 FbRMAT)1X,' ENTER HECIU T14IST FOR SECTION 'p12p' OF ',12p' SECT

C SUMIARY REQD

WRITE TO DATA FILE
WRITE(LN71)fHS1jLAEjKINOS

701 FORIATSOH IHITKCSEKROS
C

85 IF(INHITE .EQ. 0) GO TO 95
C LEDN DEVRTICAL DISPLACEMENT CARDS
C-----------------------------------------------------------------------

CALL CLRSCRN
PINT *
PRINT ~,* LEADING EDGE VERTICAL DISPLACEMENT'
PRINT*

PNT V'' TIS DATA INDJCATES THE RTIJAL WI~PLACEMENT 2F THE'
RIrT 9' LADll EDGE ROITEMe ERNCd PLN. VALUES

PR! NW.ST NORMALIZED BY THE C LCRD.

PR! w,' DISPLACEMENT MAY BE THE R~TO DHEDRAL TWIH g
PRINT NO' NLNEAR MOVEMENT OF aLEANG EDGE DEVIC ,E C.1
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PRINT *' TRAjATr~D TO FROINARX LINEAR LEADING AND'PR INT A G F DAEFLE TIN AND ANGLE OF ATTACK ARE'
PRINT *, ACCOUNTED OR AUTOMATICALLY BY TH PROGRAM.'
PRINT
PRINT *,I==> ENTER HL, NORMALIZED LEADING EDGE DISPLACEMENT.IR)l
PRINT *
00 90 K =1,NROIS
WRITE 6,22 K ROS
RE AD, 22 !,)HL KLCASE)

22 F0RMAfiX, ENTER DISPLACEMENT FOR SECTION '912p' OF 'PI2,.
**SECTIONS.',/J

90CONTINUE
PRINT *ESUMMIARY REQD

C WRITE TO DATA FILE
WRITE(LUN, 701 ) IHLIK,LCASEIK=1,NRONS)

C_S-------- -- --- ---- --------------------------------------------
C JET DEFLECTION CARDS
C-------------------------------------------------------------------------

FA hCLRSCRN
PRINT * JET DEFLECTION'

PRIN *,' THIS DATA INDICATES THE SPArIEVRA O FJT
PR1 T* DEFLECTION RELATV TO THE TRII G G. THE JET'
PRIN , TURNING ANGLE IsHASURED RELATIVE To THE MEAN LINE'PRINT *, F THE TRAILING EDGE. VALUES ARE INPUT WORK NY'
PRINT *, ROM THE RIGHTMOST JET TOKARDS THE CENTERLINE.
IR NT *
PR NT ,' A DOWNIWARD DEFLECTION IS DEFINED AS POSITIVE.'
PRINT
PRINT *v'02> ENTER DJ, THE JET TURNING ANGLE, IN DEGREES(RJ

golf00K - I NROVISJ
WRIT (6,3i) KNR0WSJ

3READ'S X )OJIK LCASE)
3FORATX E11NT R DEFLECTION FOR JET SECTION *,12,' OF ',-12,

C
C SUMMIARY REQO
C
C WRITE TO DATA FILE

W RITEILUN, 701 ) (DJIK,LCASE),K01vNROWSJ)
105 IFIINCAMB .E. 0) GO TOS160
F-INPT C--AMIBER -TYPE OF EACH S-ECTION ------------------

C WING SECTION CAMBER TYPE CARDS
C-------------------------------------------------------------------------

CAL hCLRSCRN
PRIN
PRIT, WING SECTION CAMBER TYPES'
PRINT
PRINT *,' THIS DATA IS SIMILAR TO THE WING SECTION TVE DATA.'
PRIN4T *,' IN ORDER FOR SECTIONS TF TH JENS CAY YEPRINT *,' THEY MUST BE OF TH SA&E IN SECTION TYPE 11I TYPE)*
PRINT *,* ADTHE CAlIBER ALE ASOIATED WITH EACH ELEMENT'

PIT !t4 S S B HE SAME. E IN WITH A TYPE NUtIG RFI AND'
PRIN WORK ISEQ'JENCE,. Z ,3,. .ASCENDING ODR) I1)
PRINT
PRINT *,' A SECTION WITH NO CAMBER HAS A TYPE OF 0 (ZERO).'
PRINT
PRINT , ' A MAXIMUM OF 10 CAMBER TYPES IS ALLOWED.'

PRIN4T I=='> ENTER ICT, THE CAMBER TYPE NUMBER OF EACH SECTION.'
PRINT

RIO K - INROWSWI;TE6p42) I~NRO)4
READ(5, * ) IdT 'Kr

C DET RN1I E NUMBER OF CAMBIR TYPES
911CIK 0)0 1010T ( m ? NCT) NCT I'1CT(K)

CK CT(EK
I T. flI THEN

URTt I 6A ) 4CT
; R IN ,' A MIAXIMUM OF 10 CAMBER TYPES I LOE.

PRIN *, YOU MAY ENTER ON4LY ONE MORE DIFFERENT TYPE.'

41 F0LJT(1XvX29NUMBER OF WING CAMB3ER TYPES, M S
~~~~NER CAMBER TYPE FOR SECTION 'z'O ,2

SSUMMIARY REQO
C WRITE TO DATA FjIl!

10 ORIIT4Of2 ( ICT1KJK1,NROMS)

SCAMBER ANGLES FOR EACH CAMBER SECTION TYPE

$AiTCLRSCRN
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PRINT w, ' CAMBER ANGLES FOR THE DONIASH CONTROL POINTS'
PRI NT
PRINT , THE CAMBER ANGLE FOR THE DOp ?SH CONTROL POINT OF'
PRINT ' EACH EVR ELEMENT IS RUR THE DOASH CO TROL'
PRINT *, ' POINT IS ARBITRARI LY CHOSEN AS HALF AY BETEEN% Y
PRINT *, ' THO ADJACENT XBLEVD BOUNDARY) POINTS, INCLUDING THE'
PRNT1 , * TRAILING EDGE.
PRIN4T LO
PRINT n ' POSITIVE VALUES ARE INTjHE AME SENSE AS A POSITIVE'
PRINT * ' ANGLE-OF-ATTACK ILEADI EDGE UP).PR INT =

PRINT , ' ENTER AC, THE CAIBER ANGLE, IN DEGREES.IR)l'
PRINT

C READ THE CHORDOISE CAMBER ANGLES FOR EACH CAMBER TYPE
D 130 N 2I,N T
N I N = NHN)DO 125 L =1,NIN

WRITE I6,5) NCT
WRITE (6,53) LWNIN
READ(5, * ) ACIL,N)

0 CONTINUE
53 FORtATX,' FOR CAMBER SECTION TYPE NUER ',I2) F

FORATI 1 NTER CAB ANGL FOR EVD L NT .Ia, ATX'ENRA/R
S4 FORI ATt1X,' LOCATED AT CHORDHISE CORDNT ' ,F1O.6)

iSUNtARY REQD

C WRITE TO DATA FILE
DO 135 N z 1,NCT
N =N NIIN)
WRITE(LUN, 701 ) (AC(LN),L=I,NIN)135 CONTINUE
IF(NRO;iSJ .EQ. 0) GO TO 160

C TRAILING EDGE CAMBER ANGLE DATA CASE WITH JETS AND CAMBER
CALL CLRSCRN
PRINT
PRINT *, ' TRAILING EDGE CAMBER ANGLE FOR WINGS WITH'
PRINT *, ' JET SHEETS AND CAMBER.'
PRINT *,PRINT , THE TRAIJING EDGE DELEC TON AN LE DUE TOCIER

PRINT R, ' ONLY IS ENTERE HER. THESE VALUES ARE UEDT'
PRINT -, ' DETRMINE ah TOTAL JET DEFL CT ANG E WITH'
PRINT *,' RESP CT TO THE FREESTREAM. VLU ARE NPUT I9RKING
PRINT *,' FROM THE RIGHTMOST JET TONARDS THECENTERLINE.
PRIN4T*
PRINT ' POSITIVE VALUES ARE IN THE SAME SENSIE AS A POSITIVE'
PRINT ' ANGLE-OF-ATTACK (LEADING EDGE UP).PRINT
PRINT *, 3=> ENTER ACTE, TRAILING EDGE CAMBER ANGLEIDEGREES).IR)]
RINT *

C READ THE TRAILING EDGE CAMBER ANGLE FOR EACH JET SECTIONDO 140O K = 1,NRONSJD RITE(6, 2) K

HRITE(6,63)
READIS, ) ACTE(K)

140 CONTINIE
62 FORMATilX,' FOR JET SECTION NUMBER ' 1)
63 FOR ATE IX, ENTER CAMBER ANGLE FOR TWAILING EDGE ',/)

SUMMIARY REQD

WRITE TO DATA FILE
WRITE(LUN, 701 1 (ACTEIKI,K=zNROHSJIC

STOPPED HERE (JAC) - CASES WITH JETS HAVE NOT BEEN FINISHED.
C THE HINGE LOCATION, TYPE AND TURNING ANGLE DATA

-READ THE HINGE LOCATION, TPE AND TURNING ANGLE DATA160 IFf INBETA .EQ. 03 GO TO 210
C 170 READIS, 100 ) (IHT(K),K=1,NROWS)

NHT z 0So t8 K " afNRONS

IHTK .T NHT) NHT m IHT(K)
180 INtJE

0200 N a1 INHT
REA( F HB( N IFS(LN),ET(LN)L,4)

190 ;RPAT 141?0.6,1,F .6)
200 CONTINUE

C 170RNRITEISt 100 ) IIHTIK),KsINRONS)2I 0RETURN

U BROUTINE OUTlI LCASE)

THISUROUTINE PRINTS OUT THE GEOMETRIC DATA DERIVED FROS THE
ECTIONAL METHOD INPUT

COttION/MATHE CASE, ISYMPIPRINToJETFL ICTYPE, IINGE
COfION/MRK/NROSNROISJM4NNT ,NJT ,NMAXvNN 40 ) ,NJI4O ,K( 40) ,IJ1 40)

COFION /LUKE/ TLE )
"0t9KON/JOHN/ AlA SP ARATOTRSKEEP, fEF CA jjX.C1ttNON/GEOHiA, 1 0 ,CHORDi 4Oj],DELTA! 401A (6600)p ,(60) ,Dl60),

1 2 140 )K 00)) .Y(60
CO9@N/GEOMN/XLEAD ,TRAILE ) TANLEI*(4O ),TANTEI*0)
COttION'FCASE2 HTIT (0 , HL 0, ,JitO),ACTE*4 ACE0,

COMItONFCASE3/EPSit60o,i0 )BETA(600,0O)PI'HETAi 0,10i] THS40I1O)
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COMMWIOINDATA/ARE ,SPA ,CRE ,XQI CMA ,XC ,NRO ,NC .ISY ,IPR ,JET .ST .INI
SPRINT CASE TITE AD GENE RAL GEOMETRIC PARAMETERS

IF(LCASE 'J T IN) TO 6

40X OH EVD JET 0614NG) COMPUTER PROGRAM *
4o 04f**** )///20X2,A

CMA a 7HA * SPA / 2.0
30 WRITE(. 40 ) AREA.A RE PAN ,SPA .CREF ,CRE ,XIC ,X4CMAC ,CMA ,ARATIO,

1 ARATI 0 X ,xC
40 FMTI 1If//54X 4NUSI! 1XSHjNPUT

4XARA=,2pF ./ 1X,6SPAN mF15S.6/
4x,1NREF :,,2F .6 / 4 X'ATOF5./

WRITE11, 56 NR~ NASEN lsyI*I SYvIPmRINTIPR ,JETFLGoJET,
S0 PORtIATI1NO/ 48 , 6X /i)4NNS S,3 ,7X,13/

1JTL 7 2IjN,.I 1, TM

NJ TcL1, 
3 / X 8HIGTY PE i

4XIZHINGE ,,7XAI 3/14 43X, 2 ~SIERO INip EMENTSu45 43X25NNHBEROF JT EMNTS =.14/6 41X,2N A HU"GE R OELMENTS u,14/

JJ MItNT

SPRINT FUN4DAMENTAL CASE HEADER
NBITEI6i 70 !XLICASE~g

70 F Tf1H1 Z3,N 194N****)/
EL14*D EMANT GEOMETRY DA4M F CASE DATA FOR,

ILIN 2 NDASNTAL CASE ,13,314 */24,N1y 11***
0 2 1 ,NROWS

PRINT ?ECTIONAL DATA
14RI EI6, 80 11 K Y(K) DELTA(K) XLEAD(K),XTRAIL(K),CHORD(K) TANLE(K)

80 FORMATINO 11104" SE TIO,,N *** V,3NY - Flo 62X 7HDILTA -s
1 FI,,6fzx LjA8 D1O.6,2XS1&WRAfL -*1074p ,X,7ACH9OP*FIO.6,

PRINT CNORDNISE DATA ON KING
NW m NWIK)
WRIT (6 0 ?*IK1 TWISTIK LCASE)H NIKLASE44TNS(KiLCASE

90 FRIT MNO21 ELI -f IT X7TIST :,L.6pSX,
1 4HHL~ =tI.tXN9T~A ztO6
WRITEI 100 )X (XTEs J+z 10.6

100 FORMATf~ Hp~ jhX8.4 T 1.'7X, DFI1.(6)
IF 'LCASE. afl1iGO80 130

110 FOMTEItIi6  2 1 L- N.K /17X0F1.6)

120 FORMATHiN 13x:X,3OLO1 .6/17X,1OF11.6)
130 IF(ICT(K) .Q8) GOT 65

ICK c ICTIKI
1oWRITEEI 610 1 1 II K ,N1K I
10FORMT(i lH ,O~6NCMSR il6/1 7XIFI6

15 JRITEI6 13 ESIJ+L L ASE)L NK
160 FORMAT6dH1 12),E A 10/1 XL FI1.6)

MRITEI6j 160X) V3 .E( 0t 'I% 1

180 FORtIATI H l ,1X4HTYPI j+(jAI2,6X)/I7X,I0(3X*I2,6X))

TX j 9) IL=2
LI E E 2 4*IL
IFLCSAEi %N VILINES = ILINES * 2*11

PRINT CHODWIE DATA ONJET

I . 1jO GO TO 200

190 10f4 TdNH 8X,19HT"IS RON HAS NO JET)
LINES =IL1NES * 1
CLTO 230

2 00 WRITE(6, 10 ) NJK N() DJ(K),ACTEIK), VE A(j,.CASE)O~10 FORMAJ uN ,l OIJ EMENT NJ~pD = ,
I Ip IR X6 J.LJ ,NJK ) NT , 4OJ R 6,0

I(LCAS1, lT . T
WRITEE6, 10 ) (XI(JJ+LJ iL=IiNJK)
MRITE46P 120 11 DELIJJ*L Am1NJK)

220 NRITE(6, 70 1 (B T #JJL LCAiE)45I JK
MRITE16, 180 ) I If101,NJK)~m~

k INJK El. A)I
230 IL 1)NE L L ~ 2  INES + 2*11

230 L f( Ni TO 260

lbr IT 9) IL a 2

" XFFI Ek k)NEXT = NEXT *2*11

IL a 2
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TIF(NJKI^ ". 0) GO T24

PLAS.E Q. 1) NEXT = NEXT . ,2O L
240 tITEI -ILINES) .GE. NEXT GO T 21h'RITE 6. ,250
250 FORATI 1H1LINES z 151
260 CONTINUE

ETU N

BROUTINE INCOMP INCASESR)
TH S SUBROUTINE R ADS IN HE COPOSITE CASI REQR T

C FO UEPSTIO N UP TO 24 CXBINAIaRa LE MSItIE
C g.tO/COPOS/FACTOR 1O,24) ,NCC

/INDAT/

MENSION FLR*Iy 1O),ND( 1O),NFC( lO)

-COMPOSITE CASE REQUIRE-ENTS CARDS
CALL CLRSCRN

RINT *
PRINT , * COMPOSITE CASES'
PRINT
PRINT , HE FomWN IFORION CIEON THE DATA'
PRINT FOR THE FUDAENTAL CASES INPUT ON THE PREVIOUS'
INT ,CR O ISTO BE COtBI ED TO FORM OR P NENAl

PRiNT , EDE Y. MAXIt1 OF 24 COMPO A11 MY'
PRINT *, , t Y R  ASKED FOR FUNDAMENTAL AE tUERS AND'
PRIT TH JLTIPLICATIVE FACTOR TO BE APPLIED TO EACH.
PRINT *
PRINT e, THE FUNDAMENTAL CASES ARE IDENTIFIED IN THE SAME'
PRINT ' SEQUENCE AS THEY HERE INPUT, 1,2,3...
PRINT *
PRINT *, * IF A (ILTIPLICATIVE FACTOR ?F J.5 IS APPLIED TO A'
PRINT*, A DAENTHAH DEFLECTION
PRINT , DEGtE, c P~sih CASE WILL HA, 1%ERE S..

RE AD H coPOSITE CASE DATA, CONSISTING OF FUNDAMENTAL CASE
DEFILEJTIOS, IN DEGREES

c ENTER THE NUEER OF COMOSITE CASES TO E INPUT
PRINT * O MANY COPOSITE CASES N]2L YOBE.ENTERING?(I|'
1 RINT (FOR NO COMPOSITE CASES ENTE
RAD( 1 NCC;I We .EQ. 0) G? TO 200IF (NCC GT 24) HEN

4RITE 1 ,110)
PRINT fp PLEASE REENTER'

C ENTER THE FUNDAMENTAL CASES TO BE C O NED ONTHS EPRINT *, * HOW MANY FUNDAMENTAL CASES H0L1 BE CrjBINlE
RINT *, * TO MAKE UP THIS COIPOSIT CAlE. IAXIMIJt OF 101'

20 &EAD(S, * NFC(I)
Y FCI NFC( I)
F (NFCI .GT. 1 THENHRITE( 6, 126

RT * ' PLEASE REENTER'Go TO 26

END IF
C READ IN THE DATA FOR EACH CARD

N a loNFCIwRiTE(l,35) 1
WRI E ,33) N NFCI

35 READIS, * N IN
C CHE TH VALIDITY F THE DATA

]F(ND N)(,7T. NCASES) THEN
MRITe .671 NCASES
PR a * PLEASE REENTER'
GO ;O 3

NT I YN)

30 CONTINU10 CONTINUE
3? FORMAT(1X,' FOR COMPOSITE CASE ,,2)
33 FORMATIX,' ENTER FUNDAIMENTAL CASE ,' OF ',12,'.',/1
44 FORMATI X,' ENTER THE MULTIPLICATIVE FACTOR FOATISASE. 12,/i
71 FORMAT( 1XSX, 'THE FUNDAMENTAL CASE VALUE CANNOT BE GREATER THAN ',112AI/ 

LK

C TOO M COMPSITE CASES HAVE BEEN REQUESTED. REENTER
110 FORMATIIX4X,'A MAXIMUM OF 24C
120 FOR.AT,.A ,ATI OF 10 F4DA, AL CAES MAY ,E I~L .D'

1/IX,5Xi 'O ANY ONE COMPOSITE CASE.')

SUMIARY GOES HERE
C
C NfEATA TO1 FILE

a NFCM 
C

MR TE(LUN, 40 ) (NOIL)vFUNNYLL),L22,NFCI)
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U0 FORMAWj0,SZIZF6.4))?OCONTINU

OUTPUT A 9 CAR? AFTER NCC SETS OF DATA HAVE BEEN INPUT100 WRTEI LUN, 9O1 1
102 FOJTi 9 "C

11TURNI_________________________

ItIROUTINE BLOINI JETFLG,1R

J THISKSUR3UTINE READS THE SECTIONAL JET BLOWING RATES
* CHORD(K))

COIIION/IARK/NROWS.NROWSJ NHT NJT NHAX.NN( '0)PNJ(4)) (0)Prj(
CUttVl JCASE/CU4b0 ,CMU6 (401,CWJPP(4 ,OD IMEI4SIPN CMUIO)

COFIION/ NDAT/LUNC
IFIJETFLG Ne. 0) G TO 30

C THE C6AA ONLY FOR THOSE eT 0 HICH HAVE A JET

1 0FRMATllFj 166
0 DCW(I :L4. 800.0 GO TO 30

ATURN
REARRANGE THE DATA INTO THE PROPER SEQUENCE
0 KP=

DO 50 K z RW40 Jl~yfK) I 0.60Rm
N0 K) OEQ. 0) GO TO 50

KP = KP +1
CMU(K) = DCMR(KP)

50 CRTINUEiET6RN'
AN END OF FILE HAS BEEN READ. THIS RUN IS COMPLETELY FINISHED.

0 RRHA 1 I1H1///41X,37HNO MORE CMU CASES HAVE BEEN REQUESTED)

EhTIRN
C
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APPENDIX E. FIGURES GENERATED USING DISSPLA

.17



PROGRAM PANEL- NACA 0012 AIRFOIL

0.00 0.i26 50~ 0.375 0.500 m.6* eGmA 0.075 LOWa
X/C (CHORDWI5E LWCATION)

Figure 26. Program PAINEL- Shape Generated Using Airfoil Coordinates Data File

This figure was generated using the DISSPLA portion of EASYPLOT on the IBM

mainframe computer. The surface coordinates for the airfoil were input to the PANEL
program using an input data file containing 28 surface points.
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PROGRAM PANEL- NACA 0012 AIRFOIL

EQUATION CENERATED SHAPE

z0

0.000 O.Lt , 0.60 0.5 0.500 0.820 c.50 0.85 1.000
X/c (CEORDWISE LOCATION)

Figure 27. Program PANEL- Shape Generated Using Internal Equation for

NACA 0012

This figure was generated using the DISSPLA portion of EASYPLOT on the IBM

mainframe computer. The surface coordinates for the airfoil were generated by the

PANEL program using the internal equation for NACA XXXX series airfoils. Twenty

points were used to describe the surface. Despite using fewer points to define the sur-

face. there is virtually no difference between this plot and the one on the preceding page

which used actual airfoil surface data.
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PROGRAM PANEL- NASA LS()-0013

0.0 .2 .5 037 .0 . GM im -0

I~XI _______IS __________

Fiur 28 rga AE-SaeGnrae sn AASaeet o

NAAL0)01

t1.2



NACA 0012 & NASA [S(l)-0013

Ci

0.0 .2 .5 S7 .50 06 .5 .7 .0

toasmlrpot foun in c.IS
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PROGRAIM PANEL- NACA 0012 AIRFOIL

v 

I

mainfrae 30.mprogram TpNeLsurfe Pruristribution isforth NACA 0012fldend

by an input data. ile containing 28 surface points at an angle of attack of six degrees.

The results of the program run are repeated below.

DATA FILE: PPRESS. DAT

AUNGLE OF ATUICX IN DEGREES - 6.000

CD 0. 00387 CL n 0. 70980 CMI a-0. 17750 CIIC4 a-0. 00092
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PROGRAM PANEL- NACA 0012 AIRFOIL
EQUATION GENERAED) SHAP

N

I/C (CHOMDISI lOATION)

Figure 31. Program PANEL- Surface Pressure Distribution for NACA 0012 Gen-
erated by the Internal Equation

This figure was generated using the DISSPLA portion of EASYPLOT on the IBM
mainframe computer. The pressure distribution is for the NACA (012 airfoil defined
by the internal equation using 28 surface points, at an angle of attack of six degrees.
The results of the program run are repeated below. A slight difference is noted between
the plots and the values obtained. This is due largely to the difference in the number
of data points used and the spline interpolation used by the plotting routine.

DATA FILE: PPRESS. DAT

ANGLE OF ATYACK IN DEGREES * 6.000

CD - 0. 00721 CL a 0. 72235 CMi --0. 18377 CI1C4 a-0. 00398



PROGRAM PANEL- INASA LS(i)-0013

Ts

6E "01 s .* A ." CS Lf
U? CowstWA0%

Fiue3.Pora AE-Srac rsueDstiuinfrNAAL*)01

T i uewsgnrtduigteDI.SL oto rESPO nteIB\

Faigrae 3cogtram PAE surae Prsurdistribution fororth NASA LS(1)-aifoi de

fined by a set of DATA statements containing 28 surface points at an angle of attack

of s$L\ degrees. The results of the program run are repeated below.

DAA FILE: PPRESS. DAT

ANGLE OF ATTACK IN DEGREES - 6.000

CD -0.00324 CL a 0.69366 CH 0-0. 16505 CMC4 a 0.00750
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SPANWISE L!FT DISTRIBUTION
USING VORTEX LATTICE SOLUTION

COSINE SPACING

ASPECt RATIO= 2.00"

ANGE0,< ATTAC- 6:bo I

0.0 0.1 0.2 0.3 0.4 0.5 0.6 .7 0.8 0 o

y/c (Span stotion as frction of chord)

Figure 33. Program V'ORLAT- Spanwise Lift Distribution Using Cosine Spacing

This figure was generatcd using DISSPLA and running the PLOTSPAN program

on the IBM mainframe computer. The spanwise lift distribution is shown for a flat

rectangular wing of aspect ratio 2 at an angle or attack of six degrees. The results of the

VORLAT program run are repeated below. (The PLOTSPAN program is located on the

AERO disk of the IBM mainframe.)

. COSINE GRID SPACING e

NX- 5 hYz 10 ASPECT RATIO - 2.00 ANGLE OF ATTACK - 6. 00

CL 0.25905
CD ; 0.0106492
CD/CU * 0. 1587
CHILE -0.055061
XCP " 0.21255
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SPANWISE LIFt DISTRIBUTION
USING VORTEX LATTICE SOLUTION

UNIFORM GRID

0. a§ . ........ ,, , ..

NY10

ASPECT RATIO-6 2.00

ANGLE OF AFTACXK= 6fl0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.5 0.3
y/c (Span staton as froction of chord)

Figure 34. Program VORLAT- Spanwise Lift Distribution Using Uniform Grid

This figure was generated using DISSPLA and running the PLOTSPAN program
on the IBM mainframe computer. The spanwise lift distribution is shown for a flat
rec:angular wing of aspect ratio 2 at an angle of attack of six degrees. The results of the

VORLAT program run are repeated below.

UNIFORM GRID SPACING "

NXO 5 NY= 10 ASPECT RATIO - 2.00 ANGLE OF ATTACK " 6.00

CL a 0. 25711
CD a 0.0105673
CD/CL2 0 0. 1598
CHLE a -0.054301 A
XCP 0 0. 21119

le
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